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THE INSTITUTION OF PETROLEUM TECHNOLOGISTS, 


NOTICES. 


The Institution as a body is not responsible for the statements of 
opinion expressed in any of its publications. 


Authors of papers and articles are requested to transfer 
Copyright. their copyright to the Institution for a period of six months 
from the date of receipt of the paper. Such transfer should 
be made in writing when the manuscript is forwarded to the Editor. 
Editors are permitted to publish abstracts, providing that acknowledgment 
is made to The Institution of Petroleum Technologists. 


Issue of The Journal is issued in twelve parts per volume, com. 
Journal. mencing in January of each year. 


Members whose subscriptions is not in arrear receive the Journal free of 
cost, and additional copies are charged at the rate of 7s. 6d. per part, unless 
otherwise stated. A member whose subscription is not paid by March 3)st 
of the year for which it is due is considered to be in arrear. 


Changes of Members are requested to notify any change of address 
Address. to the Secretary. 


Papers and Members are invited to submit papers to be read at the 

Articles. General Meetings of the Institution, and are specially 

asked to forward articles for consideration for publication 

in the Journal. Diagrams, illustrations, etc., should be suitable for direct 

photographic reproduction. Authors are informed that all papers, whether 

for reading or for publication, will be submitted to a referee nominated by 
the Publication Committee. 


Authors of papers published in the Journal are entitled to receive 25 free 
reprints of their contribution. Further copies may be obtained on payment, 
and orders for these should be sent to the Secretary when the manuscript 
is forwarded to the Editor. The free reprints do not include any discussion 
which may be published with the paper, but authors may have such dis- 
cussion included in their reprints on payment of the additional cost. 


Galley proofs of the paper to be read at a General Meeting are available 
at the time of the meeting, but members desirous of receiving such galley 
proofs in advance should apply to the Secretary. 
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Binding of Members desiring to have their Journals bound in cases 

Journals. should send them, together with a remittance of 5s. 6d 

per volume, to Messrs. Speaight & Sons, Ltd., 98, Fetter 

lane, London, E.C.4. A charge of 7s. 6d. will be made for binding 
Vol. 10, 1924. Remittance in all cases must accompany the order. 


Abstracts of the more important articles and patent 

Abstracts. specifications are published with each issue of the Journal, 

this supplement being paged independently of the transac- 

tions. Members and Journal Subscribers desiring to have the Abstracts 

printed on one side of the paper only can be supplied with these at a charge 
of 108. per annum per copy, payable in advance. 


The Redwood Medal is awarded, at the discretion of the 
Medals. Council, as and when desirable, but not more than once 
each year, to a petroleum technologist of outstanding 
eminence, irrespective of nationality or membership of the Institution. 
A medal and a prize of five guineas is awarded annually by the Council 
to that Student Member of the Institution who shall, in their opinion, have 
presented the best paper during the session. 


The Benevolent Fund is intended to aid necessitous persons 

Benevolent who are or have been members of the Institution, and 
Fund. their dependent relatives. 

The Fund is raised by voluntary annual subscriptions, 
donations, and bequests, and all contributions should be sent to the Secretary 
of the Institution at Aldine House, Bedford Street, London, W.C.2. The 
Fund is administered by the Council through the Benevolent Fund Committee, 
and all applications in connection therewith must be made on a special form 
which can be obtained from the Secretary of the Institution. 


A register of members requiring appointments is kept 
Appointments at the offices of the Institution for the convenience of firms 
Register. requiring the services of petroleum technologists, etc., it 
being understood that the Institution accepts no responsi- 


bility and gives no guarantee. 


The Institution’s Library may be consulted between the 
Library. hours of 10 a.m. and 5.30 p.m. daily. (Saturdays, 10 a.m. 
to 12 noon.) 


Advertisements are inserted in the Journal, and informa- 
Advertise- _ tion as to terms, etc., can be obtained from the Advertising 
Manager, at the offices of the Institution, Aldine House, 
Bedford Street, W.C. 2. (Telephone No. Temple Bar 1842.) 
Prepaid small advertisements, such as situations vacant and wanted, patents 
for sale and miscellaneous, are accepted at a charge of Is. per line of seven 
words (minimum 4s.). Box number Is. extra. These should be sent to the 
Associate Editor not later than the 12th of the month in which it is desired 


ments. 


they should appear. 
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THE SIR JOHN CASS TECHNICAL INSTITUTE. 

The new session of the Sir John Cass Technical Institute, Jewry 
Street, Aldgate, E.C. 3, which extends over about 36 weeks, will 
begin on Monday, September 25th, and students will be enrolled 
during the preceding week. 

The Institute provides instruction in pure and applied mathe. 
matics, physics, chemistry, botany, zoology, bio-chemistry of 
fermentation (including malting and brewing). petroleum tech. 
nology, fuel technology (including coal carbonisation and gas 
manufacture), metallurgy, assaying, geology, modern languages, 
arts and crafts and tailoring. The science courses are arranged 
to meet the requirements of those engaged in chemical, metal. 
lurgical, electrical, petroleum and fermentation industries, and 
are held from 6 to 10 p.m. 

Full facilities are provided in well-equipped laboratories for 
special investigations and research. 

The instruction in experimental science also provides systematic 
courses for the examinations of London University, the Institute 
of Chemistry and the Institute of Brewing. 

The Principal or heads of departments will be pleased to advise 
intending students at the commencement of the session on the 
course they should undertake. 





CORRESPONDENCE. 

Although the columns of the Journal of the Institution are open 
for correspondence, comparatively little use has been made of 
this facility in the past. The Council feel that more extensive 
use might be made of this by members who wish to record briefly 
matters of interest, experiences with regard to technical problems 
or difficulties, or to obtain information on some particular technical 
subject. In this way home and foreign members would be kept 
more in touch with each other and with technical matters of current 
interest, and it is hoped that a more general use will be made of 
the Journal. 





The Institution has now been placed on the Loan List of the 
Science Library, South Kensington, and members of the Institution 
wishing to obtain books from the Science Library should consult 
the Institution’s Librarian, who will make the necessary 
arrangements. 

The attention of members is also called to the improved facilities 
available in the Members’ Room at the Institution's offices. The 
number of writing tables has been increased and members will find 
this room a convenient place, both for consulting books and 
journals and for conducting their own correspondence. 
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LIST OF ADVERTISERS. 


Members are desired when making enquiries or placing orders with advertiser: 
to mention that they have seen their announcement in the Journal. 


BISMARCKHUTTE. HapFie.tps, Lp. 

W. Cunistiz & GREY, Lp. Haywarpb-TyLer & Co., Lp. 
A. F. Craia & Co., Lp. Joun G. Stern & Co., Lrp. 
Duxe & OcKENDEN, Lp. oan > Seow L 

W. Epwarps & Co., Lrp. Sas LOYDS, LTD. 
Foster WHEELER, Lrp. Tue Trintometer, Lrp. 

W. J. Fraser & Co., Lrp. UNIVERSITY OF BIRMINGHAM. 





PERSONAL NOTES OF MEMBERS AND SPECIAL 
NOTICES. 


It is suggested that members send information regarding their 
movements to the Secretary, for insertion under this heading. 


. B. M. S. Acar is home from Venezuela. 

. J. W. Burrorp has returned to Peru. 

. L. A. Busue is home from Trinidad. 

. W. H. Cuatmers is home from Burma. 

. D. A. C. Dewpney is now in Persia. 

. G. Dicxryson has left for Venezuela. 

. G. W. Hatse is now in Venezuela. 

. W. R. 8. Henperson has gone to Ontario. 
. H. L. J. Hunter has returned to Persia. 

. V. Laycock is home from Persia. 

. F. G. Rappoport is returning to Venezuela. 

. J. Westsury is home from Trinidad. 


Dr. L. DupLey Stamp has been elected a Special Research Fellow 
of the Rockefeller Foundation, New York. 


The Secretary would be glad to learn of the whereabouts of 
the following members: E. E. G. Acrus, A. E. C. Corset, 
E. J. S. Hewrrr, J. Jawap Jarar, A. MacLean, D. J. Putt, 
P. A. Srirr, R. W. Strives and E. Sroxor. 
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STANDARD METHODS OF TESTING PETROLEUM 
AND ITS PRODUCTS. 





Seconp EDITION. 
Giving full details of revised and new 
Methods of Test of Petroleum and Its Products. 
Price : 7s. 6d. net. 


To members of the Institution, marked ‘‘ Member's Copy,” 5s. net, 
(Limited to one copy per member.) 





REPORTS ON THE PROGRESS OF NAPHTHOLOGY, 
1932. 


Reprinted from the June and July issues of the Journal, 1933. 
Price: 10s. 6d. net. 





MEASUREMENT OF OIL IN BULK. 


Part I.—STANDARD WEIGHTS AND MEASURES. 


Giving authoritative information regarding the fundamental 
units of weight and measurement in the Imperial, U.S.A., and 
Metric systems, with a Table of Recommended Contracted Ratios 
for general use in the petroleum industry. 


Price : 2s. 6d. net. 


All the above to be obtained from the office 
of the Institution. 


AtptmnE Hovuse, BEepFrorp STREET, STRAND Lonpon, W.C. 2. 
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THE INSTITUTION OF PETROLEUM TECHNOLOGISTS. 
TRINIDAD BRANCH. 


THe Fiera ANNUAL GENERAL Meet«ne of the Trinidad Branch 
of the Institution of Petroleum Technologists was held at the 
Apex Club, Fyzabad, on Wednesday, November 30, 1932, Mr. 
A. Frank DaBe.y, Branch Chairman, in the Chair. 


The following paper was read : 


Contribution to the Knowledge of Sedimentary Volcanism 
in Trinidad. 


By H. G. Kuoter, Ph.D., F.G.S. (Member). 


In this paper an attempt has been made to furnish an outline 
of the nature of sedimentary volcanism based on observations 
primarily made in Trinidad. It is hoped that the data submitted 
may contribute to a more definite explanation of the origin and 
mode of occurrence of the peculiar types of rocks caused by this 
phenomenon. 

Thanks are due to Apex (Trinidad) Oilfields, Ltd., and to Trinidad 
Leaseholds, Ltd., for the permission to disclose information pertinent 
to the subject under consideration. 


OrIGIN OF SEDIMENTARY VOLCANISM. 


A gas or gas and oil deposit can be looked upon as a spot of 
latent energy displaying spontaneously volcanic phenomena when 
disturbed. 

Such disturbances can be caused in an exogenic way by :— 

(a) Artificial tapping during digging or drilling. 
(6) Cracks caused from desiccation. 
(c) Erosion of superincumbent beds. 
Or in an endogenic way by :— 
(a) Metasomatism. 
(6) Diastrophism. 

The nature of origin is not always easily discernible. Many a 
case can be explained by one or the other cause; sometimes a 
composite origin is indicated. There is, for example, not only 


an important analogy between deep-seated effects induced by oil 
and gas wells and the effects of faulting, but both are very often 
in causal connection. 

Instead of dealing with the theoretical aspect of the subject, 
supported by laboratory experiments, it will be instructive to 
obtain a conception of sedimentary volcanism with the help of 
observations made during drilling for oil. 


8@ 
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ARTIFICIAL Tapprne oF Gas-Orm RESERVOIRS. 


Hand-dug shafts in Rumania, Burma and Russia sometimes 
led to eruptions of gas and oil masses, usually to the detriment 
of the digger. 

Many an oilfield operator has experienced the cratering effect 
of liberated gas and oil masses. Apart from other places, the 
writer witnessed and recorded the behaviour of the Apex Wells 
No. 20 and No. 35 when they were brought into production. This 
was most instructive. 

These wells are situated on the N.W. flank of the uplift in an 
area where detailed geological mapping disclosed a system of 
strike and cross faults, the existence of which was proved most 
strikingly by the eruptions subsequently initiated by Well No. 20 
in April, 1923, and by No. 35 in March, 1924. 

Well No. 20 encountered the main oilsand at 1348 ft. with 
12} in. casing cemented at 210 ft. When attempts were made to 
shut in the well, which was flowing out of control, oil, gas, water 
and sand, either alone or in combination broke through at 
33 different points. In the narrow alluvial flats along the slopes 
of the low hills, even on top of the narrow ridges, and up to a distance 
of 800 ft. from the well, individual and groups of shows, small or 
spectacular, could be seen. Fissures cracked the main road 
leading to the Forest Reserve fields, allowing oil to be ejected 
up to a height of 6ft. In the direction of the strike faults, and 
about 450 ft. to the S.W. of the well, an oilspring started to flow 
from underneath a cocoa tree, at the rate of about 1000 barrels a 
day, and continued to flow until the well was opened up again. 
Oil and gas with silt and sand were expelled, giving rise to small 
mud volcanoes, from a fraction to a few feet in diameter ; others 
produced salt water and gas only. Innumerable small gas bubbles 
penetrated the alluvial flat. A close survey of the main shows 
indicated their connection with the structural condition of the 
sub-surface, but it was left to Well No. 35 to provide the final 
proof of this supposition. 

Well No. 35 is situated more or less 1000 ft. to the S.S.W. of 
Well No. 20 on a low-lying ridge extending in the general strike 
of the beds. Six-inch drill pipe with screen encountered the oil- 
sand at a depth of 1437 ft. and penetrated it to 1458 ft; 208 ft. 
of 12} in. casing protected the upper part of the hole. When the 
wash pipe was pulled, the well started to flow, but immediately 
broke out into the tectonically shattered formation similar to that 
in the vicinity of Well No. 20. Along the crest of the ridge, the 
resultant cracks formed an almost uninterrupted fissure ejecting gas 
and oil as though it had tried to split the ridge in two. Towards 
the North, the shows ended along a line which practically coincided 
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with the southern boundary of the shows of Well No. 20. Towards 
the South, two other lines of cracks and vents ran parallel to the 
main ridge line—part of the strike fault system. To the East 
the shows of both wells ended along a cross fault. 

It is quite obvious that without the presence of underground 
disturbances, these two wells would never have acted in the above- 
mentioned way, and are, therefore, a remarkable manifestation 
of the influence of fractured zones in an oilfield. 

Subsequent exploitation drilling in Apex revealed a great deal 
of additional data as to the relationship between such underground 
conditions and the nature of the reservoirs. It is hoped that this 
information, obtained from uniform methods of observation and 
testing, may one day be available for the benefit of science, and, 
therefore, the oil industry. 


DESICCATION CRACKS AS THE CAUSE OF SEDIMENTARY VOLCANISM. 


Cunningham Craig® (p. 104) and others, are inclined to give this 
mode of origin of mud volcanoes an undue share of importance. 
In certain segments of the Apex and the Forest Reserve fields, 
where the first-producing sand is covered with 60 to 100 ft. of 
the stiff Forest Clay, cracks could be observed during prolonged 
dry weather. Gas and oil seepages, even diminutive mud volcanoes, 
could be noticed, but their dimensions are insignificant when 


compared with their larger brothers to be mentioned later on. One 
can easily visualise a gradual depletion of any gas and oil reservoir 
located at comparatively shallow depth and capped by clay. The 
escape would rarely be paroxysmal, because of the numerous small 
outlets desiccation cracks would offer. 


EROSION AS THE CAUSE. 


The gradual denudation of superimposed beds will lead to the 
liberation of the gas and oil in a buried reservoir. This may occur 
very slowly by the formation of small fissures similar to the 
desiccation cracks, orin rarer cases, instantaneously by the upheaval 
of larger masses of the cap beds. 

The writer witnessed a case where the erosional activity of tidal 
currents caused gas eruptions. In the Gulf of Chichiriviche, State 
of Falcon, Venezuela, mangrove swamps buried in sub-recent times 
are covered by lagoonal clays and coral sand. Sometimes, in the 
Autumn, the prevailing east winds cease and for a short time 
northerly ones set in with the result of a change of the coastal 
currents within the bay. Thousands of tons of loose sands are 
thereby transported to other parts of the coast. Released of the 
superincumbent weight, large quantities of marsh gas break with 


thundering noise through the sealing clays, rendering turbid the 
8G2 
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usually clear water, frightening the local fishermen and stirring up 
the imaginative brain of concession speculators who believe them 
to be the sure indication of the presence of a vast oilfield. 


METASOMATISM AS THE CAUSE. 


The process by which mineral aggregates can be replaced by 
others induces, under certain conditions, the formation of cavities 
and small fissures as, e.g., the conversion of limestone to dolomite, 
Other diagenetic processes, as e.g., mere solidification or compaction, 
can be expected to give rise to lines of weakness along which gas 
can escape, preparing a conduit for oil and even country rock. In 
most cases it will be difficult to separate such occurrences from those 
initiated by orogenetic movements. In the writer's opinion, they 
probably play a subordinate réle. 


DIASTROPHISM AS THE CAUSE. 


As already demonstrated by the behaviour of the Apex Wells 
Nos. 20 and 35, tectonical disturbances are the main source of the 
occurrence of mud volcanoes and related phenomena. The 
imposing cones of Burma, the large craters of the East Indian 
Archipelago, as well as mud volcanoes in other parts of the world 
have been found to be related to faults or even thrust planes. 

In South Trinidad, cross and strike faults as well as upthrusts 
are under certain circumstances studded with mud volcanoes. 
Detailed geological investigation, especially when checked by 
accurate results of drilling, proved that so-called “ undisturbed 
uplifts ” of the earlier geologists are invariably effected by those 
faults which have to be considered as normal accompaniments of 
uplifts. Such features have been termed “ Epianticlinal faults ” * 
and their importance as conduits for oil and gas has been discussed 
in several papers. The writer is inclined to consider faults the 
necessary pre-requisite for sedimentary volcanism of any con- 
spicuous magnitude. 

It must naturally be understood that faults do not always act 
as conduits for gas, liquids and sediments, as they probably have 
in as many cases a sealing effect. This latter type does not, 
however, interest us in this thesis. 

A fault-plane, fissure or other line of weakness in the formation 
above or below a gas-oil reservoir will permit the entrance of gas 
or liquids. It is conceivable that the liberated gas, especially when 
accompanied by oil, would be able to widen small cracks in the 
capping rock by convection currents and thus gradually work its 
way along lines of least resistance. Conditions are quite different 
in the case of a sudden cleft caused by any kind of diastrophism 
which opens a reservoir. Gas would rush into the fissure, followed 
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by oiland sand. The clay roof might partly break in, and through 
the churning action of gas and oil form a puddle complex with 
rounded pieces of clay. More gas would be mixed with the mud 
and, in its ascent, this gas-cut mud would entrain and lift blocks of 
broken-in country rocks of considerable size in the same manner as 
a blowing well full of mud would expel heavy drill-pipe. In another 
case the ascending gas may meet a water-bearing horizon and take 
up salt or fresh water with clay, silt or sand. It is naturally not 
always necessary for the sediments propelled by gas with oil or 
water to reach the surface and form mud volcanoes. Some of the 
dykes end blindly in the formation as single intrusive veins. They 
may cross the layers of superincumbent beds and may also follow 
the bedding planes in the form of sills or end in a network of veinlets 
especially in the case that the formation is strongly shattered. 
They may also form one or several intrusion bodies of irregular 
shape which themselves can again send off dykes, etc. 


NATURE AND OCCURRENCE OF DyKEs. 


The sandstone dyke is the type most commonly recognised, 
although every gradation from a pure clay to an almost conglo- 
meratic one has to be expected. Not only the transported 
sediments, but one of the transporting mediums itself, the oil, or at 
least its residues, can be found as an infilling of dykes together with 
sediments, or even alone. Every kind of transition from a heavy 
asphaltic oil to a high grade manjak or Gilsonite or correspondingly, 
from a viscous paraffin oil to an ozokerite can be expected and has 
actually been corroborated. 

In dealing with sandstone dykes reference has to be made to the 


| interesting paper of Jenkins’® in which their origin in Eocene beds 


to Coalinga is discussed. The main object of the paper is to show 
of what extent sandstone dykes can act as conduits for gas and oil 
in their migration from one horizon to another. Jenkins comes as 
a result to the following conclusion: ‘‘ Whatever is their origin, 
the fact remains that many of the sandstone dykes and sills of the 
California oil district are conveniently located to act as conduits for 
oil migration. The results of this migration are probably of great 
economic significance, but have not hitherto been given much 
consideration.” 

In the diatomaceous and foraminiferal shales of California, 
sandstone dykes of an extent of a few yards to three-quarters of a 
mile and from ten to twenty feet thickness have been observed. 
They penetrate the shales mostly in a angular way and consist of 
uniform, fine to medium grained sand, often impregnated with oil. 
For the Tejon shales, such sandstone dykes are almost 
characteristic. (p. 52). 
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Bosworth? (p. 13) describes the lithological conditions of the faults 
in the Peruvian oil fields, which remind one very much of injected 
sediments and not merely of crush belts. 

In Trinidad, sand dykes have been observed by the writer during his 
survey of the Apex field in 1920 and 1921 (see photo. 1). Usually com. 
posed of fine grained, slightly oil-impregnated sandstones, but some. 
times of semi-consolidated sand, soaked with a heavy inspissated oil, 
these dykes show thicknesses varying from a fraction of an inch to 
twenty feet, but mostly only observable in tests pits. The largest 
of these dykes was not more than 50 ft. in extent, but was interesting 
owing to its conglomeratic appearance. Angular and edge-worn 
pieces of grey, well-bedded silts and sands constituted most of the 
components. These fragments contained plant leaf remains 
derived from horizons at least 100 to 200 ft. below their present 
place of occurrence (see photo. 2). 

The smaller even-grained sandstone dykes penetrate, in a 
vertical or angular way, the gently dipping Upper Forest beds; 
sometimes they also follow the bedding planes or thicken out to 
irregular bodies. 

Epianticlinal faults are undoubtedly the reason for the appearance 
of these dykes. Thus a strike fault with vertical dipping beds 
was traced for almost half-a-mile along the crestal part of the 
uplift. Some of the numerous smaller strike and specially cross 
faults have already been mentioned. Results from drilling during 
the first few years of field development seem to indicate almost 
undisturbed conditions at depths in excess of 1000 ft. This could 
comfortably have been explained by a wedge-like arrangement of 
the sediment units, thus leading to a compensation at relatively 
shallow depths. According to information received from Mr. G. H. 
Scott, such complete adjustment has, however, not taken place as 
disclosed by a close study of the cores in conjunction with vertical 
drilling. 

Apex Well No. 16 was the first indubitable example of the 
possibility of faults acting as channels for the migration of oil and 
gas. This well, situated on the south flank, started immediately 
below the Forest Clay marker bed and entered saturated oilsand 
at a depth of 145 ft. At 180ft. the well started to flow at the 
rate of 400 barrels per day, showing quite an appreciable gas 
pressure. When pump pressure was exerted, the well broke loose 
about 100 ft. higher up the flank along a known cross-fault. The 
specific gravity of the oil was 0-911 and could readily be compared 
with that of the neighbouring well No. 13, which produced from 4 
definitely deeper horizon. The oil from well No. 16 had ascended 
along the fault for about 450 ft. as was shown subsequently when 
it was deepened. 
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Since those days, several other wells of similar appearance have 
been recorded. 

Compared with sandstone dykes, “ silt” and “clay ” dykes are 
not so commonly known. Blumer! (p. 60) mentions that at Yenang- 
young, Burma, mud dykes are found penetrating Upper Miocene 
beds in a@ criss-cross way. They are considered to have been 
feeding channels for mud volcanoes. They vary from paper 
thickness to dykes of 10in. The solidified mud contains pieces of 
well-bedded clay rendering the whole the aspect of a porphyry with 
large phenocrysts. 

Stutzer* (p. 282) mentions indurated mud dykes in the Huronian 
shales of a gas field near Cleveland and from wells in Bibi Eibat. 


In Trinidad, mud sills have been noticed by the writer during 
geological mapping of the Cedros Peninsula in 1925. It was not, 
however, until 1927, when from detailed exploration work of 
Messrs. Frischknecht, Lehner, Maerky, Rohr and Cooper Scott, that 
he realised their great distribution and practical importance in 
Guayaguayare, especially in Goudron Field. Field work, together 
with the drilling of about 30 wells, has clearly demonstrated an 
almost uninterrupted activity of sedimentary volcanism during 
the deposition of the lower Moruga beds up to sub-recent days. 
No active mud volcano other than Lagoon Bouff is known to-day, 
but the remarkable exhalations of gas on Kapur Ridge, the countless 
oil and gas seeps, and the unique salt water seep of Rio Salada are 
the remaining witnesses of the one time considerable activity. Not 
only have great masses of mud flow been normally interbedded 
between Moruga beds, but numerous dykes have been observed to 
occur, either in regular arrangements along or parallel with well- 
known cross faults, or irregularly injected into shattered zones. 
At one time an exceptionally clear system of mud dykes could be 
studied near the first Pilote fault, when the well site for location 
No. 55 was prepared. Well-bedded Upper Moruga sands and silts 
dip here with 35° towards the south, whereas the dykes cross 
N.-S. and hade with 60° to 80° towards the East (see photo. 3). 
They vary in thickness from half an inch to 30 in. and consist of 
oil-impregnated, prismatical-fracturing, tough, greasy clay with 
scattered small pebbies of the size of a pinhead, or with wisps of grey 
sand. Jointing is such as to imitate bedding normal to the walls of 
dykes. A “Salband” of limonitic clay one to two inches thick 
forms the walls. Whereas no foraminifera are known to exist in 
the Upper Moruga beds of Guayaguayare, these dykes frequently 
contain Cyclamminz, and as a matter of fact macroscopically they 
are hardly discernible from true Cyclammina clays. Closer to the 
first Pilote fault the dykes lose more and more their uniform 
direction and by anastomasis gradually turn to a network of veins 
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and veinlets completely penetrating the broken formation of the 
fault belt (see photo. 4). Some of the dykes clearly show the gyratory 
effect of gas and oil on clay and silt fragments. Sub-angular up to 
well-rounded fragments of the same material as the matrix or of 
different marls or clays which vary in size from a pinhead to a pea 
or walnut, are well packed into a dark grey usually petroliferous 
clay or silt ground mass. The texture of this deposit has been well 
characterised by the name “ Pebbly clay.” Maerky™ (p. 33) 
states that “ pebbly clay” could only be formed in the presence of 
oil. The writer wishes to substitute the word “gas” for “ oil.” 
Furthermore, it must be remembered that soli-fluction or abrasion 
along clay shores may cause the origin of rocks of similar aspect. 

From a point of view of texture and structure, the clastic dykes 
form an independent group in the classification of sedimentary 
rocks. Jenkins’® tentatively suggests substituting the term 
“ intruclast ’’ for dykes, because of the latter’s usual connotation 
of igneous origin. Clastic dykes of different origin could be 
classified under this generic term. Mention is made, e.g., of dust 
and sand dykes occuring in alluvial gravels, limestone dykes found 
in a tuff, and conglomerate and sandstone dykes in granite. 

In the writer’s opinion, clastic dykes will be or already have 
been noted in metamorphic rocks. Such occurrences may, under 
certain eircumstances, be proof of the existence of former sedi- 
mentary volcanism. 

Salt plugs are known to imitate clastic dykes, but as their 
origin is not caused by the propelling force of gas they will not 
be considered here. 

As already pointed out, the occurrence of inspissated oil is 
commonly noticeable in clastic dykes. Every stage of transition 
to a pure dyke of hydrocarbons can, therefore, be expected. It is 
suggested to apply the name of “‘ hydrocarbon dykes ” to those types 
which exhibit at least a matrix of hydrocarbons. Due to the 
general utility of the material, such veins are known from all parts 
of the earth, and extensive literature deals with their occurrence. 

The mining of manjak veins flourished in Trinidad a short 
time, especially in the neighbourhood of San Fernando. 
Cunningham Craig submitted a detailed report of the interesting 
occurrence of the high grade residue of asphaltic oils found in the 
upper Eocene silts and shales of San Fernando. The veins are 
usually highly inclined, and one of them encountered attained a 
thickness of 33 ft. The jet black, bright and lustrous material 
with a beautiful conchoidal fracture contains, even in its purest 
form, a small percentage of inorganic material. Of special interest 
is the gradual change of volatile constituents, inasmuch as they 
increase towards the centre of every vein, and, furthermore, increase 





SAND DYKE, APEX (TRINIDAD) OILFIELDS. 


Photo: H.G.K 
OIL-SAND DYKE WITH PEBBLES OF COUNTRY ROCK, APEX (TRINIDAD) 
OILFIELDS. 





Photo 
MUD FLOW SILLS AND DYKES THROUGH UFPER MORUGA SAND. 
GUAYAGUAYARE, TRINIDAD. 


Photo: H 
4.—IRREGULAR MUD FLOW DYKES. GUAYAGUAYARE, TRINIDAD. 





Photo: H.G.R 
VEIN OF BRITTLE ASPHALT THROUGH WELL BEDDED SAND IMPREGNATED 


WITH INSPISSATED OIL. BOODOOSINGH TRACE, TRINIDAD. 


Photo : H.G. R. 
6.—SILL AND VEIN OF MUD FLOW INJECTED INTO LA BREA BEDS, PITCH 
LAKE, TRINIDAD. 





By courtesy of Stephens, Lid., Trini iad, 
NEW ISLAND APPEARED NOVEMBER 4, 1911, TRINIDAD. 


Photo: H.@ 
8.—BLOCK OF EOCENE SANDY LIMESTONE ; COAST BETWEEN PALO SECO AND 
IROIS, TRINIDAD. 
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in analogous parts of the same vein when traced to deeper levels. 
A vein that does not outcrop at the surface generally contains a 
greater portion of volatiles than one that is so exposed® (p. 112). 
One has to imagine that the oil injected was more or less uniform 
in its chemical and physical condition, and only later on changed 
its nature by gradual polymerisation. This knowledge may be of 
value in the understanding of certain freak oils or lateral changes 
of bulk oils of tectonical elements—e.g., fault blocks. 

Other abandoned manjak mines are known in Williamsville and 
elsewhere along the southern foothills of the Central Range. They 
apparently all root in the Eocene Mt. Moriah sandstones, and 
enter the superincumbent Jacksonian shales and silts. 

A vertical vein, 20 in. in thickness, formed of brittle, lustrous 
asphalt with a conchoidal fracture, was noticed by the writer to 
pierce through well bedded Morne I’Enfer beds at Boodoosingh 
Trace, near Brighton (see photo. 5). The dyke, which was exposed 
for about 6 ft., cuts clean through dark grey silt layers and semi- 
consolidated sand wet with inspissated tarry oil, making it rather 
difficult to understand how such conditions could have occurred. 

The crater rim of the Pitch Lake displays a variety of different 
asphalt dykes penetrating the La Brea beds or the old mud flows 
(see photo. 6). An interesting asphalt dyke charged with pebbly 
clay is at present exposed near the junction of the Sobo Trace with 
the Southern Main Road. This vein is only 5 to 10 in. thick, and 
cuts the La Brea silts and mud flows lined by a “ Salband ” of 
cemented mud flow of 2 in. thickness. The following passage by 
Cunningham Craig may be cited in this connection® (p. 114): 
“Where the La Brea oil-bearing group is exposed on the coast 
section near the Pitch Lake, small veins of asphalt may be observed 
extending vertically upwards from the upper surface of the petro- 
liferous sand, and hand specimens may even be obtained of such 
veins, not more than an inch in thickness, with portions of the 
country rock on each side. This is sufficient to suggest the 
possibility of similar intrusions on a much larger scale given the 
requisite conditions.” 


NATURE AND OccuRRENCE OF Mup VOLCANOES. 


Wherever clastic dykes are found, one is justified in expecting 
mud voleanoes, which, after all, are only the surface testimonies 
of sedimentary volcanism. Due to their very nature, they are 
more evident and, therefore, better known to the layman. Devil’s 
Woodyard, Chemin du Diable, Lagoon Bouff, to mention a few of 
Trinidad’s examples, are sufficient proof of the interest the natives 
extend to these phenomena. Not only does the hunter find it 
preferable to waylay game near a salt water pool, and while waiting 
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has time to ponder as to the origin of the so-called “ pots,” but 
the cracking or dull noise with which some of the mud bubbles 
explode, would attract him sometimes for over a mile. He becomes 
more convinced of the machinations of an evil spirit when experi- 
encing the eradication of acres of virgin forest and the thundering 
ejection of thousands of tons of mud, sometimes followed by fire. 

Trinidad is famous for its mud volcanoes, although such giants 
as are known from Baku (Boz Dagh, 1000 ft. high) or the crater 
of the Kambing on the Island of Timor with a width of 5700 ft., are 
not found. 

All over the earth the mud volcanoes exhibit the same picture, 
either basins, cones or the latter’s sub-aqueous offsprings usually 
known as “ new islands.” 

The “ mud basins ” are more or less circular or elliptical vents not 
protruding over the surrounding terrain. In the usual case they 
are filled with fine sand and silt mixed with fresh or salt water, 
through which gas as a general rule is bubbling. Very viscous mud 
will rarely be noticed in basins as this would give rise to the forma- 
tion of cones. 

Lagoon Bouff can be considered as the type of Trinidad’s mud- 
basins. It is situated on the North flank of the Gros Morne Hill, 
and consists of an elliptical pool of liquid silty mud of 500 ft. length 
and 400 ft. breadth. Salt water and gas are continuously 
discharged® (p. 107). 

The “ mud cones” are built up of superimposed layers of mud 
flows. Where the gas pressure is very high and has an opportunity 
to accumulate in the presence of viscous mud, slabs and chunks of 
this mud can be expelled and thrown up over 100 ft. In extreme 
cases mud cones of the appearance of corded-folded or pillow- 
shaped lava can be formed exhibiting a vent of semi-liquid mud in 
the centre. Where gas exhalation is not intermittent and the mud 
not too viscous, it gradually flows over the rim of the crater down 
the cone, desiccating to the commonly noticeable convolute mud 
foilation, when no rain interferes. 

In times of violent activities (as described by Cunningham 
Craig and Beeby Thompson of the volcano of the Columbia 
Estate), the flow of mud is excessive to such an extent as to creep 
like a lava stream or glacier into the valleys or out to the sea. 
Acres of virgin forest have been torn down during a paroxysm 
such as took place some years ago between Palo Seco and Erin. 
Along a cliff of over 10 ft. in height the waves are cutting back 
the mud flow pushed out into the sea. 

Mud flows must obviously interfere with the orography of the 
surrounding country, especially if the rivulets are not potent 
enough to transport the quantity thrown into them. The Cedros 
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Peninsula, especially to the west of Galpha Point, is a remarkable 
example of a mud volcano landscape. There is hardly a normal 
valley to be found in the area where the estates of Columbia, 
Lochmaben, Perseverance, I’Envieuse and Beaulieu meet. The 
broad, gently sloping cones of a few hundred feet to half a mile 
diameter at their base and not over 100 ft. in height coalesce in 
parts, rendering an aspect of a diminutive area of recent magmatic 
yoleanism with a completely undeveloped erosion system. The 
top of the large cones carry small ones of 1 to 10 ft. high, mostly 
still discharging gas and bluish-grey, fresh mud, effectively con- 
trasting with the older yellowish and already oxidised flow. In 
the ruins of a former crater a recent cone is rising, sending its mud 
down a small barranco. Sometimes one of the vents becomes 
plugged and subsequently put altogether out of action by an 
adventive crater formed near by. 

Most of the vents are found arranged along lines parallel to the 
strike of the Moruga beds, which are to be seen peeping through 
the mud sheets at different spots. 

A similar country as described above was recently mapped by 
Dr. Frischknecht between Morne Diablo and Marac Road. 

Whereas in certain districts, as in Cedros, single cones with a 
large base are the outstanding feature, there are others where flats 
are riddled with smaller cones usually not higher than 15 ft., but 
so low as to be hardly discernible. Such an area is Moruga Bouff, 
where Dr. Bessin recently surveyed not less than 600 vents, of which 
half are still discharging gas and salt water. The volume of gas 
which must have escaped here is almost inconceivable. 

‘or the classification of extinct, dormant, or active volcanoes, 
the shape of the cone is a better means than the presence or absence 
of discharge. As long as the cone is still complete, i.e., not attacked 
by erosion, it may be classified as “ active.” 

Several outstanding cases of the rejuvenescence of “‘ dormant mud 
volcanoes ’’ have been recorded in Trinidad. Mention may be made 
of the account of Cunningham Craig’ (p. 106) with regard to the 
eruption of Devil’s Woodyard in 1906. 

Years ago a geological investigation of the Brothers Road 
District disclosed the presence of unbedded pebbly clay with com- 
ponents of different formation. These beds were rightly mapped 
as mud flows, although the volcano was completely overgrown and 
not longer recognisable. At 1 o’clock in the afternoon of the 4th 
November, 1930, a tremendous detonation was heard, followed for 
20 minutes by rumbling sounds. Dr. Jong, who happened to be 
in Tabaquite at the time, visited the spot and made the following 
observations. Near Mile 5} the Tabaquite-Rio Claro Road was 
cracked by faults striking towards 340°, showing a downthrow of 
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one foot to the East. Near the 6 Mile post cracks striking towards 
350° caused the Eastern part to rise for one foot. The centre of 
eruption was found about 1000 ft. North of the big bend between 
Mile 53 and 6. An area of 15 to 20 acres of forest was blown down 
and covered with 15 to 25 ft. of very viscous mud with frequent 
fragments of older rocks. The mud was so viscous that it could 
stand up almost vertical along the margins of the flow. It hada 
temperature of about 30° C., was saline and had a light oil odour, 
At 5 o’clock in the afternoon a slight activity was still noticeable. 
The distance of the main vent was about 150 to 250 ft. from the 
border. The quantity of mud ejected was estimated to be at 
least 500,000 cubic yards. If one imagines that this occurred in 
less than 20 minutes, one may arrive at some conception of the gas 
pressure which must have been held in leash. 

The extent of the surface streams and layers of mud varies 
widely, but as already indicated forms quite a prominent element of 
the lithological composition of South Trinidad’s formations and the 
soils derived therefrom. Whereas most of the flows are only a few 
hundred feet long, the writer mapped in 1925 in Cedros the main 
flow of the Colombia Volcano over 1} miles towards North, where 
near the old Perseverance mill it reached the sea (see also 4). 

Whether seasonal or other exogenic changes have any relation- 
ship with the mud volcano activity or not could never be corrobor- 
ated by the writer. Cunningham Craig found that after a long 
drought mud volcanoes are generally most active. In Burma 
activity is said to be revived by the rising of the ground water 
table. 

Mud volcano terrain is often recognisable by the change in 
cover of vegetation as compared with the environment. This is 
especially true for clayey and calcareous exudations in the midst 
of arenaceous soils. The common occurrence of the black roseau 
palm (Bactris major) is typical of mud flow, as is the wild calabash 
together with other “mixed forest” trees in the midst of 
Mora (Dimorphandra) high wood. 

Sub-aqueous indications of the presence of sedimentary volcanism 
furnish another group of phenomena which is apt to occupy human 

. phantasy. Since the dawn of history they have been spoken of 
as “ boiling water,’ “burning seas” or “suddenly appearing 
islands.” 

Submarine gas and oil seepages have always been known along 
the south coast of Trinidad, where from time to time fishermen 
encountered strong gas or oil emanation. 

The appearance of “ new islands ”’ is less common in Trinidad, 
but two interesting cases have been recorded during the last 
decade. Of one Beeby Thompson ™ (p. 184) gives the following 
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account: “An exceptionally violent eruption occurred off Erin 
on the southern coast of Trinidad on November 4th, 1911. Masses 
of material were observed being ejected from the sea, accom- 
panied by enormous volumes of gas which became ignited, and by 
considerable noise. The flames could be seen many miles away, 
as they rose to a height of 100 ft. or more. An island was noticed 
to be steadily rising from the sea as the material increased in 
quantity, until after severa! hours of activity it had an area of 
2} acres and was 14 ft. above the sea level at its highest point ” 
(see photo. 7). 

Cadman ® states that the flames have been 300 ft. high and burnt 
for 154 hours, that the shock of explosion was felt in Cedros, 
and that the surface of the island was composed of sand, mud, 
fragments of pyritic material and oilsand. 

The following remarks are taken from a report of J. L. Harris 
and H. C. H. Thomas filed with the Trinidad Leaseholds. An 
island appeared suddenly about mid-day on December 2st, 
1928, south of White Cliff at the end of the Chatham Road, about 
1} miles from the coast and about the same distance west of the 
island mentioned above as having appeared in 1911. Seen from 
the coast it had the appearance of a mud bank rising only a few 
feet above the sea level. On closer examination it was found to 
be elliptical, 250 ft. long and about 120ft. broad at low tide, 
with a flat conical section. Just below high tide mark were small 
blocks and boulders. Within this ring of boulders was a flattened 
cone of fissured and surface-hardened mud. The blocks belonged 
mostly to calcareous sandstone of the lower Moruga beds, but 
Herrera sandstone, St. Croix beds, lignite and pebbles of other 
rocks have been noticed. Of interest was a piece of apparently 
fossilised mud flow, indicating earlier volcanic activity with which 
the very common occurrence of iron pyrites has to be connected. 
By the middle of February, 1929, the island had disappeared, 
a victim of the destructive work of waves. 


Fossa. EvipeNce oF SEDIMENTARY VOLCANISM. 


In reviewing the clastic dykes and hydrocarbon veins, examples 
of past geological times have been cited. It must, however, be 
emphasised that the age of the intruded dykes and veins are not yet 
known. The mud volcanoes of Trinidad are generally assumed 
to be of late Tertiary to recent age. We have at least indisputable 
evidence of such activity during the deposition of the Lower 
Moruga beds, inasmuch as such beds have been found to be inter- 
calated with washed-in volcano mud, as commonly exemplified 
in Guayaguayare. Well No. 49 of the Goudron area encountered, 
at a depth of 3560 ft., a layer of dark oil-soaked marly clay a few 
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feet in thickness, containing an unmixed and rich assemblage of 
Cretaceous foraminifera belonging to the same Rzehakina beds ag 
are found at Lizard Spring.*"* Below this layer, the borehole 
again entered the same normally-deposited, oil-free Lower Moruga 
beds as had been found above. Most of the wells of the Goudron 
area have encountered mud flows, sometime of over 100 ft. in 
thickness. The drilling of these beds has always been a matter of 
great difficulty owing to their tendency to squeeze and because of 
the gas pockets they contain. 

During the investigation of the Kapur Ridge, Frischknecht 
and Maerky realised that this prominent feature consisted not only 
of almost pure mud flow, but that they had to deal with two types 
of different age, both pertaining to and consequent on separate 
tectonic movements. The bulk seems to belong to the older 
calcareous type with fragments of indurated marl, quartzitic 
boulders, cherts, blocks of orbitoidal limestone, etc. These older 
mud flows are covered by Upper Moruga beds, whereas the younger 
Cyclammina mud flows penetrate these beds. The nature of this 
latter type has been described in the chapter “ clay dykes.” 

Wilson * (p. 578) contributed some interesting data on mud 
flows encountered in the zone of Cyclammina clays at Palo Seco. 
Whereas he rightly postulates the possibility of migration of oil 
along planes of tectonic movements, there is no proof yet that 
the mud flows met in those wells are actually dykes. Their 
restricted stratigraphic occurrence seems to point to a normal 
interdigitating of Cyclammina clay with mud flows derived from 
volcanoes situated along the Erin-Palo Seco line. A certain relation- 
ship between these mud flows of Palo Seco and those in the 
Cyclammina clay equivalents of Guayaguayare seems to be indicated. 

The fossil Pitch Lake mud volcano deserves special attention 
because of the unequalled quantity of asphalt accumulated in its 
former crater. Cunningham Craig deserves the credit for having 
for the first time proposed a reasonable explanation of its origin 
in Council Paper No. 60 of Trinidad. Although geological conditions 
do not appear to be quite as simple as described, the conception 
of the mud volcano origin is fundamentally correct. There only 
remains to be added some observations substantiating it. The 
“brown shales ’’ mentioned are not surface deposits, but mud 
flow rocks of a peculiar type. The chocolate brown, fine-grained, 
pebbly clay is completely sponge-like and filled with the fine pores 
almost mimicing pumice stone, and like it in being surprising light 
and buoyant. It burns like a high-grade oil shale. The original 
mud must obviously have been saturated with gas and oil, attain- 
ing almost a frothy aspect. Even now a strong oil and gas odour 
is noticeable when breaking it up. As already mentioned, the 
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mud-flow rocks are penetrated by numerous asphalt dykes of differ- 
ent stages of polymerisation and with varying admixtures of 
inorganic material. Liquid mud must still have filled the crater 
when the oil started to enter, in order for it to be intimately mixed 
with the partly colloidical clay and silt which characterise the 
existent asphalt. 


It is somewhat strange to observe that earlier geologists working 
in Trinidad apparently never paid any special attention to the 
“erratic blocks ’’ so commonly found in conjunction with sub- 
recent mud flows. A block of 1 ft. diameter is recorded to have 
been blown out at “ Chemin du Diable ”’* (p. 106). Small blocks 
have been noticed during the appearance of the islands off Chatham. 
One was prepared to attribute to a mud volcano the power of 
ejecting blocks of the size of the head or slightly larger, but the 
possibility of their transporting rocks of several tons in weight, 
was never considered. Whoever visits the coast between Palo 
Seco and Erin will be surprised at the size and multitude of blocks 
foreign to the outcropping formation which are strewn on the beach 
where mud flows have been eroded. Most of these blocks are 
calcareous sandstone of the lower Moruga series, usually angular 
in shape and generally only up to 10 cubic feet in volume. One 
was measured to contain about 90 cubic feet. A prominent block 
of Eocene orbitoidal limestone must have contained at least 
870 cubic feet, to judge from the remaining basement (see photo. 8). 
Eocene Mount Moriah sandstone is represented by a block of about 
1500 cubic feet, and Cretaceous silicified shale by one of 160 cubic 
feet content. 


Similar erratic blocks have been observed at Galpha Point, where 
previously a Cretaceous limestone fragment has been collected ™ 
(p. 258). Recently the writer discovered a marly silt block of about 
12 cubic feet containing an Eocene foraminiferal assemblage hitherto 
unknown in Trinidad. This fragment is half enveloped by typical 
pebbly-mud volcano clay. 


Blocks of the sizes mentioned above could either have been 
transported by ice or could have been derived from older rocks 
thrust over Upper Moruga beds. For both explanations there 
is not the slightest indication, whereas the transport by viscous 
mud charged with gas is the only one the writer could think of. 
From a geological point of view blocks and small ejectments are 
naturally of greatest interest, inasmuch as they not only enable 
us to arrive at certain conclusions as to the stratigraphical dis- 
tribution of unexposed older formations, but especially for the 
elucidation of tectonial conditions below the unconformably 
overlapping Upper Moruga beds. The presence of considerable 
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strike and even thrust faults is more than obvious if we considg 
the mud-propelling gases to have originated in Cruse or St. Croix 
beds. A Cretaceous origin of the gas is almost out of the question, 
whereas Upper Eocene sandstone may remotely be considered, 


At Moruga Bouff a N.-S. directed arrangement of the vents 
indicates faults of a similar strike or even fault blocks consisting 
of pre-Moruga basement rocks. In the neighbourhood of the 
Bouff, N.-S. directed mud dykes have been observed to be of 
different lithological composition. Some are calcareous, whereas 
others are not. A lens of 15 by 6 ft. of an Eocene marl rich in 
small foraminifera was discovered in this area by Dr. Lehner, 
The lens is enveloped in a large mud-flow dyke. 


That some of the faults must extend to considerable depths is 
indicated by the Rio Salada salt water spring situated between 
Kapur Ridge and Lizard Spring. Within living knowledge there 
has been a stream of salt water of a capacity of at least 500 barrels 
daily, running down from a sandstone hill. The water has » 
temperature of 41°C. and emerges from different spots on the top 
and on the slope of the beautifully terraced calcareous tufa. 


Post-VoLcANIc PHENOMENA. 


Places of intensive underground mining or naturally-formed 
cavities are subject to subsidence. Almost every oilfield would 
prove such subsidence if careful levelling was carried out over a 
period of years. The Goose Creek Field in Texas and the Maracaibo 
Lake shore fields are famous for this kind of earth movement 
only because the encroaching sea or lake water are the natural 
proof of it. 

One cannot go far wrong in anticipating a similar symptom 
in the case of mud volcano activity. As long as the accumulating 
force of a mud voicano is stronger than erosion it would be difficult 
to prove subsidence. Where, however, conditions are such as 
to permit a transportation of the ejectments, it ultimately will 
lead to a change of the surface conditions. Such changes generally 
influence the hydrographical system and it is actually by this 
that one notices subsidence. An excellent example of a gradually 
sinking terrain is the area of Lagoon Bouff. This mud volcano, 
situated between the Lagoon Salée and Gazette Rivers, not only 
sends its mud to both rivers, but actually can be flooded by both 
during rainy season. Similar conditions show the Moruga Bouff, 
an island formed by the Mary Assy and the Moruga River. Such 
island conditions are not known from any drainage system in 
South Trinidad, and can only be understood if one assumes sub- 
sidence aggravated by the erosion of the ejected mud. 





Onsider 
;. Croix 
1estion, 
red, 

> Vents 
sisting 
of the 
. be of 
yhereas 
rich in 
ehner, 


pths is 
et ween 
> there 
barrels 
has a 
he top 
a. 


ormed 
would 
over a 
acaibo 
ement 


atural 


iptom 
lating 
fficult 
ch as 
y will 
erally 
y this 
lually 
lcano, 
, only 
both 
Souff, 
Such 
m in 
- sub- 


KUGLER : SEDIMENTARY VOLCANISM. 759 


According to Dr. Frischknecht, the position of certain beds of 
the Kapur Ridge in Guayaguayare tend to manifest a post-volcanic 
subsidence of the entire core of this extinct volcano terrain. An 
observation intimating a similar effect has been made by the writer 
at the Pitch Lake. 


CLASSIFICATION OF Rocks Degposirep BY SEDIMENTARY 
VOLCANISM. 


The fact that gas is the main cause of sedimentary volcanism 
and that its kinetic effect resembles that of pyrogenetic volcanism 
induces one to adapt the terminology of the latter as far as the 
mode of occurrence of forms is concerned. The gases emitted do 
not need to be hydrocarbons only, but in rarer cases mud volcanoes 
ean also be formed by carbon-dioxide, nitrogen, sulphuretted 
hydrogen, sulphur-dioxide, steam or any mixture of these. 
Grabav * (p. 872) mentions mud volcanoes in Sicily, supposed to 
be caused even by slow combustion of sulphur. 


The vast majority of mud volcanoes are, however, in close relation- 
ship with hydrocarbons. It is for this reason that some authors 
object to use the name “ volcano ”’ and suggest substituting names 
like “ salsa,”’ “‘ mud-basins ’’ or “ cones,” etc. The English term 
“mud voleano ” is, however, generally applied, and too expressive 
to be improved upon. In order to clearly separate the natural 
process under review from that of magmatic origin, it is proposed 
to adhere to the expression “ sedimentary volcanism.” 


The sediments deposited by the expelling action of gas have 
no relationship to those transported or deposited by water, air, 
ice or gravity. Mud flows and dykes are typical in their absence of 
true bedding. Their positive characteristics are irregularly dis- 
tributed angular and sub-angular particles of country rock, 
sometimes attaining large dimensions and sometimes containing 
fossils which in turn provide a clue as to their provenance. 
Components of mud-flow rocks, that are especially typical, are 
rounded pellets of clay and marl caused by gyration, thus giving 
rise to the term “ pebbly clay.’ Nodules of pyrites and marcasite 
are very common in the mud flows of Trinidad. 


The rocks deposited by sedimentary volcanism have to be 
classified to the exogenetic or clastic rocks. As gas has been found 
to be the final agent active in the production of their present 
characteristics, one could classify them as “‘ gasoclasts,” in juxta- 
position to auto-, anemo-, hydro or bioclasts. These ‘‘gasogenetic 
rocks ” differ from pyroclasts in so far as the latter are caused by 


the shattering effect of volcanic explosion of magmatic origin. 
2H 
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DISCUSSION. 


Mr. A. J. Ruthven Murray said that whilst in Ecuador in 
1922 with Mr. Barrington Brown, and carrying out a geological 
survey, they first discovered clay pebble beds forming the central 
outcropping area of the Ancon Anticline situated on the Santa 
Elena Peninsula along the Pacific Coast. The origin of this mass was 
very difficult to understand, it is composed of angular clay pebbles 
with rounded edges and highly-polished in a matrix of clay. The 
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day pebbles varied in size from that of a pinhead up to a 2 in. 
cube or even larger. The whole mass has been subjected to much 
crushing and is slickensided throughout. The clay pebble bed 
also contains large quantities of quartz pebbles, both white and 
black, and also huge blocks of stratified country rock, shales and 
sandstone, the latter frequently impregnated with oil and of 
Upper Eocene Age. These blocks had the appearance of having 
been torn off and engulfed in a mud flow, i.e., the clay pebble 
bed. 

After considerable consideration it was thought that this mass, 
named by them “ the Clay Pebble Bed,” had been formed by an 
overthrust moving from the east to the west, that is from the 
Andes to the Pacific. The geological sequence in this particular 
area was as follows :— 

Cacique shales.—A white absorbent shale in parts indurated. 

Socorro series.—Sandstone and shales, the former frequently 

oil-bearing and containing foraminifera, indicating the beds to 
be Upper Eocene. 

Clay pebble bed. 

Lower beds.—These were similar in every respect to the Socorro 

series. 

The lower beds were only met by the drill as they did not outcrop. 
Wells which were commenced in the Socorro series penetrated the 
day pebble bed. Sometimes once, but more frequently twice, 
the rock in between again being identical to the Socorro series, the 
thickness of the intervening stratified beds varied considerably, 
but as far as he could remember averaged 300 ft. Again, the 
thickness of the clay pebble bed varied from 20 ft. up to several 
hundred. 

Later on, in the course of an extended geological survey across 
the Pampas, the outcropping area of the clay pebble bed was 
found to extend for many square miles. 

The origin of the clay pebble bed was extremely difficult of 
explanation and there were some factors which were difficult to 
reconcile with the theory of an overthrust. Crushed foraminifera 
were common throughout the clay pebble bed. 

Dr. Shepherd, at a later date, put forward the suggestion that 
this mass had been formed as the result of a mud flow derived from 
the denudation of a sea cliff lying to the north, or north-east, 
and that this mass had been formed by torrential rains gradually 
washing out the mud and breaking up the small modicums of 
shale and carrying them and embedding them in the mass. In 
other words, it was sedimentary deposition of mud flow. 

Having listened to Dr. Kugler’s paper it did not appear to him 
that his theory of sedimentary volcanism would fit in absolutely 

3H2 
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with the observation made. It would seem that the clay pebble 
may have been injected into the Socorro series, the material having 
been derived from the lower beds and brought up by enormous 
gas pressure from below, which is known to exist in company with 
salt water. The overlying Socorro series is severely faulted, mostly 
thrust faults. j 

Since he had been in Trinidad, Mr. C. C. Wilson had seen the 
structure and country under question and he expected he would 
amplify and bring more light to bear on the facts he had just put 
forward. 

Mr. Ruthven-Murray mentioned that he had now heard that a 
large deposit, identical in appearance, had been located over a 
considerable area in the north-west of Peru, a distance of 200 miles 
to the south of the Ecuadorian clay pebble bed to which he had 
referred, and lying on the south side of the Gulf of Guayaquil. 


Mr. G. A. Richards said that in the clay pebble beds he had 
seen in Peru, as far as he could recollect, there was not the slightest 
trace of any oily smell in the beds when they were broken up 
with a hammer. Their typical characteristics, in addition to those 
mentioned by Mr. Murray, were the very high polish on the faces 
of the clay pebbles themselves and the presence of small, very 
highly-polished pebbles of black and white quartz. 

One other thing he recollected since he had heard the paper was 
that, in certain cases, the dyke and sill type of arrangement could 
be followed in the zone of the exposures. 


Mr. G. H. Scott said that Dr. Kugler has given a description 
of the fissuring and faulting of the surface beds as disclosed by 
Wells 20 and 35 of the Apex field. He had also mentioned that 
there was evidence that in some cases these fissures persist to 
greater depths than those cited. It should be of interest to give 
an example where fissuring was proved at depth. 

The South Western portion of the Apex Field is dissected by 
a cross fault, which is not only in evidence at the surface but 
which extends at least to the Forest clay as proved by the displace- 
ment of that bed. The following evidence argues for the fact 
that fissuring extends to even greater depths :— 

1. At a time when difficulty was being experienced in main- 
taining circulation in Well 228 of Trinidad Leaseholds, Ltd., 
mud commenced showing in the production of Apex Well No. 67. 
Well 228 was then at a depth of 1794ft. On the cessation 
of operations at Well 228 the mud ceased showing in Well 67. 

2. When Well 45 was drilling at 1300ft. mud travelled to 
Well 67. At the same time the Production Superintendent 
reported great quantities of mud in Well 228. 
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3. On October 7th, 1927, mud from Well 45 commenced showing 
in Well 50. Well 45 was at that time 1680 ft. deep with 10} in. 
cemented at 1480 ft. 

The first instance is perhaps not truly indicative of fissuring, as 
the Wells 67 and 228 were producing from the same sand zone. 
It should be noted, however, that neither of these wells were large 
producers, and it is unlikely that free travel of mud can take place 
through a sand if it is homogeneous and only semi-denuded. 

The other cases, however, are proof positive of fissuring, as the 
mud must have travelled through thick beds of the intermediate 
clay, which in normal circumstances is one of the most impermeable 
beds on this field. 

This area is also very interesting in that the shallow sand oils 
in the immediate neighbourhood of the fault plane are absolutely 
abnormal. 

Thus Well 45, which was originally producing from 740-760 ft., 
yielded an oil with a sp. gr. of 0-8581 and Well 60 is still producing 
oil with a sp. gr. of 0-8679. The average shallow sand oil in this 
area varies in sp. gr. from 0-9024 to 0-9100. The nature of this 
oil is indicative of an origin quite different from that of the neigh- 
bouring shallow sands and points to a migrational phenomenen. 
Simple migration, however, cannot be adduced as the sole reason 
for this freak oil, as the underlying oils are not of a similar grade, 
their average gravity being 0-9100. In his opinion this oil is 
definitely due to migration, but accompanied by either filtration 
or selective adsorption phenomena combined, perhaps, with minor 
dynamo-metamorphism. 

He had collected much evidence in the Apex field to show that 
many of the shallow sand oils are the result of naturally formed 
mud flows either ancient or recent. Thus while there are all the 
conditions of faulting and fissuring and oil and gas to fulfil the 
requisites of sedimentary volcanism, and while there is definite 
evidence of such volcanism in the oilsand dykes, some of the pre- 
requisites for mud formation are lacking. 

In his opinion oil and gas alone will not form true mud. It must 
have been noted by many that in wells that make clay and shale 
the inorganic portion rapidly settles out and shows no tendency 
to mix. Whilst he could conceive angular and sub-angular 
fragments being entrained by an oil or oilsand dyke he could not 
conceive these fragments being uniformly broken up into their 
elemental particles, such as would be necessary for true mud 
formation. He considered that for a true plastic clay type of flow, 
water is an absolute essential. In the Apex field, however, many 
of the injections must have traversed salt water-bearing formations, 
and yet mud is not formed. The clays most suitable for mud 
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formation in this field are the cyclammina clays. These when 
fractured or foliated form almost glassy surfaces along the slicken. 
side planes, which serve to inhibit the breaking down of the clay, 
Wells drilled in contorted cyclammina clay always give trouble 
owing to the fact that the drilled formation will not mix and 
chokes up the hole. The green clay also exhibits similar character. 
istics in surface outcrops, and these soft foliated clays will resist 
erosion to a much greater degree, than will the uncontorted beds, 
as the natural travel of injections will be in areas of contortion, 
and this explains the absence of mud flows in this locality. 


He thought that the absolute desiderata for a plastic clay and 
mud matrix are a suitable clay, water and gas. Oil may accompany 
the gas, but is not a necessity. The dykes and sills of pebbly clay 
formed of sub-angular and angular fragments of rock with a similar 
but finer grained matrix are probably the result of oil and gas 
injections, oil in this case being an essential. It is naturally possible 
to have any intermediate stage between these two, but the fore. 
going might serve as a basis for a rough classification. 


This sub-division, if basically sound, would have some economic 
importance as the latter type with its definite evidence of oil 
would be a much better surface indication than the other which 
only points definitely to water and gas. 


Dr. Revertera said that Dr. Kugler mentioned that the origin 
of mud volcanoes was probably due to faulting or to some sort of 
disturbance, such as fissures. He remembered one case in Java of 
two different anticlines where, after a very detailed survey of the 
area, no evidence of faulting was found at all, at the surface at 
least, and on both of these structures several very large mud 
flows were present, curiously enough mostly situated on the 
plunging ends of the anticline or in an axial depression on the 
higher part of the anticline. Nobody seemed able to explain why 
these mud volcanoes originated on these particular spots. One of 
the mud volcanoes was of the basin type and about 1000 ft. in 
diameter. No mud flows were exposed anywhere except in the 
volcanoes, but no fossil mud flows of any kind were seen. 


Mr. C. C. Wilson said that Dr. Kugler suggests that gas under 
pressure is primarily the motive force, resulting in the many 
manifestations of sedimentary volcanism seen in Trinidad and 
elsewhere. Does he imply that the gas is under its natural pressure 
developed during its formation and accumulation or does he argue 
that this pressure has been augmented by tectonic stresses ? 

It is easy to see how fairly fluid mud, say drilling mud, can be 
ejected under normal well pressures as the author has described in 
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two wells in the Apex field, where the conductors are set at little 
over 200 ft. 

A further case has been exemplified at Palo Seco recently. A well 
drilled for water has casing cemented at 500 ft. An oil well was 
drilled 300 ft. away and circulation entered the water zone ; a gas 
pressure of 100 Ib./sq. in. was applied to the water well, and the 
well produced drilling mud. The well was closed and only opened 
after the oil well was finished. A pressure of 100 lb./sq. in. was 
again applied and did not induce flow. Instead, a small mud 
yoleano was induced from inside the conductor of the oil well. 

On the other hand, the pressure necessary to produce such 
catastrophic activity as that described by the author in the 
Brother’s Road District, the Devil's Woodyard, at Palo Seco, and 
at the Columbia Estate, Cedros, must be enormously in excess of 
normal well pressures. 

Is it not possible that these terrific stores of energy are generated 
primarily by recent earth movement ? 

He suggested that mud volcanoes of the explosive type along the 
South Coast of Trinidad, which eject large masses of solid rock and 
heavy viscous mud, are evidence of actual movement along major 
thrust planes. 

He would go further and suggest that the breccia formed normally 
by the abrasion of the two thrust faces would provide ample 
material for the development of mud fiow which, when lubricated 
by salt water, oil and gas, derived from sedimentary deposits 
severed by the thrust plane, would be ejected at the outcrop of 
the thrust plane, in the manner of tooth paste from a tube, 
immediately subsequent to aetual movement however small. 

The compressive force required to fracture and to move bodily 
large sections of the earth’s crust over even very small distances 
must be tremendous when compared with the accumulated 
pressures of gas within a formation. 

Incidentally, this argument supports the theory of earth 
movement at the present time. 

It is significant that the formation of the mud voleano island of 
1928, described by Dr. Kugler, off the South coast of Trinidad was 
contemporary with a strong earth tremor centred below Cumana 
on the north coast of Venezuela. He believed that certain scares 
were started at about that time among inhabitants of the slopes 
of Mount Pelée in Martinique. 

If there is any justification for this hypothesis, it is easy to 
imagine forces great enough to inject mud flow into beds above 
such thrusting movements. 

To return once more to mud flow found in the Forest clay at 
Palo Seco, and incidentally at Guayaguayare, there still remains 
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some doubt as to the nature of this occurrence. The fairly constant 
stratigraphical position of the flow certainly points to extrusion 
and deposition on the floor of the Forest Clay sea. But, 
surely, this would induce a certain stratification and rough sorting 
of debris. Such has not been observed. Structural conditions. 
during Forest Clay time, were not such as would favour accumula. 
tion of gas, sufficient to eject mud from a depth of 3000 ft. 

Again, the flow varies somewhat in position when related to 
the base of the Forest Clay. This would not be expected in a 
normal sheet extrusion, and, further, the flow is almost invariably 
overlain by brecciated and slickensided clays with much oil on 
fracture and accompanied by sand dykes even at a distance of 
two miles from the axis of the structure. 

The ‘‘ Clay-pebble bed” of Ecuador, mentioned in a previous 
paper, has many similarities to the Palo Seco mud flow. Chert 
pebbles of entirely different origin from that of the country rock 
form an important body of the pebble bed. At outcrop this forma- 
tion bears no relationship to the bedding and again presents the 
appearance of injection. 

In short, he considered that evidence points to major injections 
of mud lubricated by salt water, or oil or gas, by tectonic 
stress rather than by gas pressure alone. 

He asked Dr. Kugler if he thought that the extraordinary gritty 
and pebbly clays are evidence of extrusion during Green Clay and 
Cruse times. 

Normal marine deposition of land detritus does not sufficiently 
explain the case, and it seems that depositions by the flotation 
process cannot conceivably account for the very considerable 
thickness attained by those deposits. 


Mr. E. C. Scott said that Dr. Kugler’s paper forms a basic 
work which in the future will be much quoted and referred to. 

The paper itself admits of little discussion as it is in essence a 
detail of observed facts, and it remains only to question whether 
all the phenomena described by the writer are entirely due to 
gas and oil pressure alone. 

As Mr. C. C. Wilson has suggested, some conditions can more 
easily be explained by attributing them to pressure and deposi- 
tionary agencies, if certain premises are postulated, and certainly 
it would seem necessary to suggest more than one agency to 
explain the occurrence and nature of some mud flows and intrusions. 

The nature of the Piparo gritty clays, and sudden occurrence of 
the Forest Clay without any concomitant uncomformity, cannot 
be satisfactorily explained by attributing them to water agency 
alone, and their intimate connection with a period of gas activity 
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in the neighbouring flexures at least suggests mud flow as an 
accessory. 

Mr. G. H. Scott had drawn attention to the fact that on the 
Forest-Apex anticline mud flows had not been observed, but that 
gilsand dykes were the only example of relief of pressure from 
the strata. One is naturally glad to learn that there is no water 
in this vicinity, but its absence can hardly account for the total 
change of conditions, even if this were-so. 

In this connection Dr. Kugler has omitted to comment on the 
part played by earth movement in the production of mud volcanoes. 

Mud flows are generally associated with light gravity oil, which 
oil, more often than not, is suspected to be a considerably filtered 
product. To effect such a filtration demands a pressure higher 
than that which could possibly have been built up by the normal 
eflect of edge water and liberated gas in a quiet structure. Such 
being the case, one is forced to consider the effect of the enormous 
stresses and compressions set up in the intensely folded anticlinal 
areas with which light oil is so often connected. 

The combination of stress with oil acting as a lubricant, and gas 
giving its churning effect as Dr. Kugler suggests, could perform 
the operations necessary to make mud eruptions as described, 
and water would also assist, and to some extent, take the place 
of oil. 

The discussion on this paper has emphasised how much the 
theory that Trinidad oil accumulation is due to expression from 
some deeper seated and possibly non-porous mother rock, is 
gaining adherents. 

It would seem that the absence of mud flow in the Apex area 
ean be attributed to the less intense flexuring existing at the 
surface, and to the more normal water table accumulation, which 
if this be the case, would also account for the nature of the oil, 
aince such a petroleum might result from close contact with water. 


Dr. E. Lehner said that he would have welcomed it if the 
question of diagnosis of sub-recent and particularly fossil mud 
flows had received a little more consideration. In the field it is 
often very difficult, and at times almost impossible to differentiate 
between true fossil, mud flows and ordinary hydroclastic sediments, 
unless the lithological aspect is supplemented by definite indications 
of position and extent. The frothy appearance of recent and 
sub-recent mud flows is hardly ever preserved in the fossil state, 
and it would be very helpful if some other lithological criteria for 
“ gasoclasts”’ could be established. At present it is rather 
fashionable in Trinidad to map as mud flow any pebbly; con- 
glomeratic or brecciated deposit, but he was convinced that—at a 
later date—quite a few of the fossil mud-flow sheets of Southern 
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Trinidad will have to be relegated to their proper position as 
ordinary hydroclasts. There are many ways in which such gritty 
and pebbly clays and silts or conglomerates and boulder beds with 
a soft matrix could be formed by the action of the sea along beaches 
er on the shelf. As an example he would like to mention the 
“ Green Clay Breccia,” deseribed by V. C. Illing (Quart. Jour. 
Geol. Soc., Vol. LXXXIV., page 24). 

The problem of the source beds, from which the mud flows 
originate, has already been mentioned in the discussion by 
Mr. G. H. Scott, but he would like to add afew remarks. Dr. Kugler 
evidently shares the common view that these phenomena originate 
in gas, oil or water sands. This may undoubtedly be so in the 
majority of cases, but it is interesting te note how very little sand 
there is to be found in the ejectamenta of some of the largest 
Trinidad mud voleanoes. It is possible that predominantly clayey 
muds represent the later phase of a cycle of eruptions. In the 
early activities sand is blown out and the cavity thus formed is 
filled by the capping clays or maris. After each eruption the 
underground cavity becomes bigger, more and more of the over- 
lying strata break down into the void, becomes softened by oil or 
water and are finally again ejected by the revived gases. This 
explanation, however, can hardly be applied to every type of mud 
flow. Mr. G. H. Scott and other speakers have already emphasised 
that, as a rule, there is relatively little oil brought up by the mud 
vents, except in the rather special and unique instance of the 
Pitch Lake. Free salt water or liquid mud are also confined 
to special types of mud volcanoes. All the material thrown out 
by the spectacular big eruptions occurring in Trinidad during the 
last 10 years consisted of large solid lumps of frothy clay, over 
which one could walk with safety. Furthermore, some of the big 
volcanoes in Trinidad are found in places’ where our geological 
knowledge would not lead us to anticipate big sand bodies at 
depths. These facts warrant the assumption that gas-saturated 
maris, clays and especially gritty and silty clays may also represent 
@ focus of volcanic activity, and that free oil and salt water are in 
many instances only accessories derived from overlying beds. 


To conclude, Dr. Lehner said that the term “ Gasoclast”’ proposed 
by Dr. Kugler for rocks formed by the eruptive action of gas is 
certainly drastic, but of rather mixed parentage. The term 
“ pneumoelast ” might meet the case just as well and look better 
in the company of the other purely Greek designations. 


Mr. G. W. Halse said that the precise geological condition under 
which great thicknesses of mud flow accumulated seemed to him 
to require further explanations in order to help visualise the 
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complete cycle of this remarkable set of phenomena. He under- 
stood that in Guayaguayare (Trinidad) they had drilled through as 
much as 700 ft. thickness of solid mud flow. Ecuador Oilfields, 
Ltd., at Santa Elena (Ecuador), had drilled through a mass of 
practically uninterrupted pebbly clay no less than 1300 ft. thick, 
and opinion seemed to be tending more and more to regard this 
pebbly clay as ‘‘ mud flow.” 

When the great masses of mud flow were accumulated at 
Guayaguayare, geological conditions were not dissimilar from 
those to-day between Venezuela and Trinidad, namely, shallow 
water and deltaic. It was difficult to see how sub-aqueous 
extrusions of mud could have withstood being carried away by 
currents and deposited over a wide area any more than did the 
two mud volcano islands which appeared off the South Coast of 
Trinidad in 1911 and 1928. Both these islands were washed 
below sea level within a few days, and with the strong currents 
prevalent, the whole of the fine material must have been removed 
within a few weeks. 

Similarly on land, big mud outflows in Trinidad are seen to be 
demolished and spread over a large area in one wet season. In 
an arid climate this will not be the case. It may be, therefore, that 
an arid climate is one of the conditions necessary for the aceumu- 
lation of thick mud flow deposits. 

He would like to ask Dr. Kugler whether he had any explanation 
for the accumulation of such relatively enormous thicknesses of 
mud flow. 


Mr. P. W. Jarvis said that in Trinidad mud flows appeared to 
be limited to the area south of the Central Range, and not found 
on the north side. 

Oil is reputed to have the same distribution, so possibly there is a 
connection between the two. 


Mr. M. ap Rhys Price said that from his experience in 
Maracaibo he would make a comment on the question of subsidence 
which Dr. Kugler mentioned in his paper. 

In the Langunillas Field, of which the developed area along the 
shore was roughly 10 miles by 2 miles broad, subsidence was very 
bad and, as they probably knew, the wharf was disappearing under 
the Lake. He had made a curve of production taken out against 
actual subsidence by dividing the length of the field into sections 
of about two miles long and plotting total production against 
subsidence for each section. The subsidence of each section was 
in direct proportion with the production taken out. These results 
bore out accurately Dr. Kugler’s comment. 
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Mr. Wilson had doubted the ability of gas pressure alone to 
produce the remarkable phenomena in the form of violent eruptions 
which are often associated with mud volcanoes, and was rather of 
the opinion that such phenomena would be more likely to be 
caused by tectonic stresses. 

In the Langunillas Field, which was a large simple structure 
with an area of forty square miles, a well blew out resulting in mud 
voleanoes. The water-string was set at about 3200ft. and 
cemented. The well got away, however, and broke through the 
cement job on the water-string, so that the gas got outside the 
water-string and erupted all around the well, and the mess that the 
gas made of the surrounding country was amazing. There was no 
question but that these eruptions were due to gas pressure and 
not to tectonic movement. Several mud volcanoes appeared 300 
or 400 yards from the well in a very short time. Some of these 
voleanoes blew rocks and mud 100 ft. in the air. The well was 
finally killed and abandoned with 7000 barrels of cement, which 
he believed was a world’s record. That was a case where gas 
pressure was undoubtedly responsible for the mud volcanoes and 
was evidence that gas pressure alone was capable of producing very 
violent eruptions. 

The Author, in reply, said that Mr. Ruthven Murray had 
contributed most interesting data on observations which he and 
other geologists had made in Ecuador. His description of the 
condition of the Ancon anticline applies remarkably well to those of 
the Palo Seco area where mud flow became slickensided as a result 
of orogenetic movement. Other analogies are the black chert 
pebbles of a brilliant lustre and the less common white quartzite 
pebbles, besides the abundant pieces of edge-worn country rocks. 
The mud flow of Ecuador appears to be injected into Eocene beds. 

Mr. G. H. Scott regarded water as an absolute essential for the 
formation of a true mud and that oil could never act as an agent 
although it may be an accessory. The author was in accord with 
this statement and referred to conditions in shale oilfields where 
no colloidal clay can be traced in the oil. 

It appeared that in future it would be possible to separate 
phenomena of sedimentary volcanism involving gas and water 
only from those in which oil had an integral function in their 
genesis. 

Mr. G. A. Richards, in amplifying the statements of Mr. Murray, 
stresses the point that the “ Clay-Pebble Beds” of Peru have, 
as far as he can recollect, no trace of oil. In such a case gas alone 
would be responsible for the formation of the beds. 

Dr. Revertera mentioned cases of mud volcanoes on apparently 
undisturbed structures. Whilst accepting this statement the 
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author was still inclined to expect tectonical disturbances below 
the apparently uniform cover beds. 

Mr. C. C. Wilson, who already has given a lot of thought to the 
phenomenon of sedimentary volcanism in Trinidad, is rather 
inclined to regard thrust movements as being the main cause for 
the occurrence of mud flows. Whereas the author was convinced 
of the great importance of orogenetic movements for the initiation 
of sedimentary volcanism, and especially for the occurrence of 
“erratic blocks,”’ he was inclined to look upon the natural pressure 
of the gas as being the main cause. 

A striking illustration of the unbelievable amount of gas present 
under certain conditions is afforded by hundreds of vents of Moruga 
Bouff which have been active for longer than the local inhabitants 
can remember. 

A proof of the great age of some of the active mud volcanoes has 
recently been given by the find of Dr. Frischknecht of a fossilised 
bone at the Karamat Volcano. According to a letter received 
from Dr. H. G. Stehlin, of the Natural History Museum, Basel, 
this bone was determined by Dr. 8. Schaub as an astragulus of 
Megatherium americanum of Pleistocene age. 

Although the author viewed favourably the possible influence 
of thrust movements on sedimentary volcanism, he was not inclined 
to consider the pebbly clay as a result of this. In the Alps and 
Jura mountains, where he had an opportunity to study such thrust 
planes in situ, he could never detect rocks of such polygenetic 
nature as were found in mud flows, but observed mylonites only, 
and even in such places where salt or clays with water have acted 
as lubricants. 

Regarding the origin of “ gritty clays,” it appears that these 
peculiarly unsorted sediments are connected with the activity of 
mud volcanoes. Deposits, which under normal conditions would 
have formed a sandstone, received an overwhelming quantity of 
mud at a time when the transporting agent was not strong enough 
to sort the components. 

Mr. E. C. Scott was inclined to substantiate Mr. Wilson’s conten- 
tion as to the origin of sedimentary volcanism. 

For the sake of compactness of the paper, the author declined 
to discuss the unquestionable influence of orogenetic forces on 
migration and physico-chemical changes of oil. 

Dr. E. Lehner is not alone in his wish for a more definite diagnosis 
of such mud flow as caused by the driving forces of expanding gas. 
The most characteristic representative of such a mud is undoubtedly 
that of the Pitch Lake area. This buoyant, gas-saturated, brown 
clay, with the concentric foliated pellets formed round a sandstone 
or shale nucleus, is undoubtedly the typus of a gasoclast. This 
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type merges into a gritty clay as clearly observed along the rim 
of the former pitch lake mud volcano. The common occurrence 
of mud flows as exposed along the Galpha and Palo Seco beaches 
resemble a Tillite more than anything else, and undoubtedly menge 
partly into hydroclasts, as would be expected from their stratj. 
graphical position. 

Clay breccias as are formed by transgression of the sea upon a 
mari and clay terrain can resemble mud flow ; they differ, however, 
in their monogenetic constituents. 

The author finally agrees with Dr. Lehner’s statement as to the 
occurrence of large quantities of gas in maris and marly clays apt 
to give rise to volcanic eruptions. 

A point in favour for the term “ gasoclasts”’ as against the 
designation “‘pneumoclast” (or even ‘ Pneumatoclast’’) as 
proposed by Dr. Lehner is the fact that the Greeks had no concep. 
tion of gas in the general sense. 

Mr. G. W. Halse mentioned the great thickness of some of the 
mud flows encountered in bore holes. The author wondered 
whether in this particular case the drill has not met with an almost 
vertical system of dykes. 

In addition to the account of an explosion in the Lagunillas 
Field the author drew attention to the history of the famous 
Caddo Field to illustrate the tremendous forces of liberated gas. 


The meeting terminated with a vote of thanks to the author 
for his very interesting paper, and to the President and Members 
of the Apex Club for the use of the building. 
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The Conversion of Fatty and Waxy Substances into 
Petroleum Hydrocarbons.* 


By W. F. Sever. 


One of the most outstanding characteristics of petroleums is 
their complexity. That this should be so need not be surprising 
in view of the enormous possibility of isomerism in either the 
paraffin or naphthene series of hydrocarbons. It might at first 
be supposed that the complexity of hydrocarbon mixtures differed 
but little from each other, because of the transitional nature of 
the boiling point rise when samples of either are subjected to 
fractional distillation. Experience has shown, and theoretical 
considerations predict, that such is not the case. In the first 
place, it is obvious that the naphthene hydrocarbons with alkyl 
side chains will not only possess all the isomeric possibilities of the 
paraffins, but will have position isomers as well, due to the ringed 
nature of this series. Thus it is possible to have isomers even 
doser in physical properties than in the case of the branched 
chained hydrocarbons of the paraffin series. This accounts for the 
difficulty met with in trying to obtain fractions which will not 
erystallize even after ten or fifteen different fractionations. No 
such difficulty confronts one in the case of the paraffin hydro- 
carbons, where crystallization takes place merely upon removal of 
the lighter fractions. There can, therefore, be no doubt but what 
the petroleums containing a large amount of naphthenes represent 
a much more complicated state of things than other types. The 
asphaltic-base petroleums must thus be regarded as extreme cases 
of “‘ mixed upness.” 

It is a well known fact that if a pure hydrocarbon of the paraffin 
series is heated in the absence of air for a certain length of time, a 
complicated mixture of hydrocarbons is obtained. The reverse 
does not occur, i.c., a pure hydrocarbon is never obtained by 
merely heating a mixture of hydrocarbons. Indeed it is possible 
to produce an asphaltic material from a paraffin-base petroleum by 
thermal treatment, but a paraffinic-base cannot be formed by 
those means from an asphaltic-base petroleum. 

The work of Mabery has shown that the paraffin-base petroleums 
were the most simple types, although the number of isomers in 
any one fraction could still be very great... The predominating 
hydrocarbons were of the straight chain type. Kraft has found 
the same thing to be true for the paraffin hydrocarbons separated 
from German Brown Coal. The origin of petroleum must then be 





* Paper received March 29th, 1933. 
'Mabery, American Chemical Society, 33, 285 and 291. 
* Kraft, Ber., 21, 2256 and 4079. 
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sought in material containing long hydrocarbon chains, since there 
is no known purely thermal method by means of which these cay 
be produced. The only sources of such long chains are the fats 
and hydrocarbons which are synthesized by vegetable or animal 
organisms. We must assume that the ability to store up energy 
or reserve food material in the form of fat or possibly hydrocarbons 
was characteristic of the most early and primitive forms of life, 
Indeed, it has been shown by Kramer and Spilker that diatoms are 
capable of storing up an oily substance which can be converted 
into petroleum like liquids.* Thiessen,‘ and Stadnikoff and 
Weisman® have pointed out that the remains of certain species 
of alge contain a considerable amount of both saponifiable and 
non-saponifiable oil and waxy material. Long chain hydrocarbons 
have been found to occur in the leaves and bark of many different 
species of plant. Thus Power* reports the occurrence of the 
hydrocarbon C,,H,,, in leaves of eriodictyon californium, Hooper 
and Arnott,’ in leaves and bark of oleo europea. C,,H,, occur 
in beeswax, brucia seeds of Sumatra and in the leaves of Kentucky 
and Virginia tobacco. The last mentioned plants also contain 
C,H. According to Etard,* the leaves of bryonia diocia contain 
the hydrocarbon C,oH,,. The solid residue of rose oil consists 
largely of C,,H,,. These and similar straight chained hydro- 
carbons have been found by Mabery® in Pennsylvania petroleum, 
and by Kraft® in the so-called brown coal of Germany. 

The fatty acid radicals of all fats constitute the largest source of 
long chain molecules known. Investigation has shown that saponi- 
fication readily takes place, either by the help of organic or inorganic 
agencies, with the result that the glycerine and lower fatty acids 
are dissolved by water and removed from the fatty acids of high 
molecular weight. These residual acids are themselves quite 
stable towards bacterial decomposition. The wide occurrence of 
adipocere, the remains of adipose tissue, in beds whose age can 
easily be determined is a further proof of their stability. 

It has been repeatedly pointed out that fatty acids derived from 
fats are the only stable portions of the organic tissues of animal 
bodies. In the case of plants this stability towards bacterial 
decomposition is shared by the humus acids apparently derived 
from the lignin of the original woody tissue. 

So far the direct conversion of fatty acids into liquid or solid 





* Kramer and Spilker, Ber., 32, 2940. 

* Thiessen, Origin of the Boghead Coal, Bull. Univ. Washington. 
5 Stadnikoff and Weizman, Brenn.-Chem., 1929, 10, 401. 

* Power, J.A.C.S., 27, 1467. 

? Hooper and Arnott, J.A.C.S., 98, 893. 

* Etard, Ber., 25, Ref. 287. 

* Loc. cit. 
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hydrocarbon by bacterial action has not been observed. Thayer,” 
recently re-examined this question with a great deal of care, but 
could detect no hydrocarbon formation other than methane. 
Analyses of adipocere show that in the course of time the fatty 
acids are neutralized and preserved largely in the form of lime 
soaps." As early as 1865, Warren and Storer showed that the 
distillation of either fatty acids or their salts in the form of lime 
soaps yielded petroleum-like products.” In these experiments 
and in those carried on by Engler" at temperatures in the neigh- 
bourhood of 450°C., much gas was formed consisting of hydro- 
carbons, carbon dioxide and some hydrogen. Hurd, in his 
monograph, “‘ The Pyrolysis of Carbon Compounds” points out 
that stearic, palmitic, lauric and myristic acids can be quantitatively 
changed into ketones in less than four hours at temperatures not 
exceeding 295° C. when heated in closed iron vessels.’ Ketones 
are almost as stable as the hydrocarbons themselves, but can be 
converted into hydrocarbons directly by heating under pressure 
with the simultaneous formation of hydrocarbons, ketones and 
carbon monoxide. There is thus abundant evidence to show that 
by heat treatment alone fatty and waxy material can be converted 
into petroleum hydrocarbons. The origin of petroleum, according 
to Brooks and others'* must thus be sought for in some such type 
of material as mentioned above. This semi-solid material must in 
the words of Brooks be regarded as the “ Protopetroleum ” and not 
the mixture of saturated and unsaturated substances which Engler 
obtained in his classic experiment. 

There are two objections to Engler’s theory regarding the 
origin of petroleum. The first is the high temperature required 
to decompose the fatty acids, and the second, the presence of 
hydrogen and unsaturated hydrocarbons in the gas, and the 
unsaturated nature of the liquid fractions. These objections can 
be avoided if the transformation of fatty and waxy substances 
into petroleum is regarded as a low-temperature high-pressure 
cracking process, instead of a high-temperature distillation one. 
This idea, while not new, does not appear to have been sufficiently 
emphasised, possibly owing to the lack of accurate data which has 
not been available until lately. 

A study of the decomposition of paraffin hydrocarbons has shown 
that they all decompose according to the monomolecular law, and 
that therefore their rate of decomposition is a function of tempera- 





” Thayer Lewis, Bull. Amer. Assoc. Petr. Geol., 1931, 15, 441. 
“ Ruttan and Marshall, 7'.R., Can., Vol. XI., 1917. 

% Warren and Storer, Mem. Amer. Acad. (2), 1865, 9, 208. 

4 Engler, Z. A -» 1908, 21. 

* Hurd, “ The lysis of Carbon ym ag oe 

'’ Brooks, Bull. Amer. Assoc. Petr. , 1931, 15, 611. 
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ture alone. Applying the conceptions of energy distributions to 
a system of organic molecules, it follows at once that there must 
be a certain fraction of molecules of a certain number whose energy 
content is above a certain minimum, compatible with stability. 
In present day terms such molecules are said to be activated, 
and if the energy of activation is known it becomes a simple matter 
to calculate, by means of the equation N,—Ne~®*, the fraction 
of molecules N,, of a certain number of molecules N, which have 
energies greater than E at temperature T. The value of E given 
in various papers varies from 55,000 to 67,000. There seems to be 
some evidence that the heat of activation is the same for all aliphatic 
hydrocarbons and not far from 65,000. Using this value, the 
following table has been constructed to show the fraction of 
molecules which are activated at any one temperature. It will be 
seen that the number of activated molecules at temperatures 
below 1000° C. is very small—about one in every gram molecule 
at 300° C. 
Tasxe I, 
Fraction activated N,. 

3-5 x 10° 

10 x 10° 

6-0 x 10°** 

1-4 x 10° 

oe ee ee 3-7 x lo" 

1000 ee oe oe 15 x 10-5 
However, it is not so much the number of activated molecules 
which is of interest as the rate at which the molecules become 
activated and decompose at various temperatures. Experiments 
have demonstrated that besides temperature the molecular weight 
for any one series of hydrocarbons is an important factor. Burk'* 
has shown, recently, that by slightly modifying the expression 
developed by Polyani and Wigner for unimolecular reaction 
velocities, it is possible by means of it to calculate tolerably well 
the velocity constant for any straight chain hydrocarbon. The 
relative stability of different hydrocarbons at definite temperatures 
is also brought out by the formula and according to Burk,!” butane 
would decompose twice as fast as propane. This is an important 
part of our theory, as it shows that given sufficient time any 
hydrocarbon would decompose to form smaller and smaller gaseous 

molecules. 

A simpler method of calculating the velocity constants is available 
if the heat of activation and the velocity constant is known at any 





16 Burk, J. Phy. Chem., 1931, 36, 2446. 
 Polyani and Wigner, Z. physik. Chem. A., 1928, 189, 439. 
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one temperature. In such cases the integrated form of the 


Arrhenius equation, —F == E/RT, can be utilised. Data for the 


velocity constants are available from two sources, that of 
Waterman and Perquin,’* who determined the rate of cracking 
of Ragoon wax in an autoclave, and that of Gault and Hessel,!® 
who studied, in a very thorough manner, the rate of pyrolysis and 
nature of the products formed when cyclohexadecane was decom- 
posed at different temperatures. Kiss* has calculated the velocity 
constant from the results of the former and Burk from the latter. 
For our purpose it is quite immaterial which figure is used as the 
Ragoon wax would correspond very closély to the hypothetical 
protopetroleum, and its average molecular weight would be 
approximately that of hexadecane. Taking the constant calculated 
by Burk, and converting it to a minute basis, the figure 0-03456 
is obtained as the velocity constant at 470°. Using this value for 
K, the velocity constant, and 65,000 as the heat of activation, one 
gets, with the help of the above-mentioned equation, the velocity 
constants at different temperatures and the half life period of 
material having a composition similar to that of Ragoon wax or 

hexadecane.* 
Temperature ° C. 

470 

400 


One half life period. 
10° _ 20 min. 
10-* roe 1-4 days 
10-* we 67-7 days 
10-* oe 18-1 years 
lo ee 4-28 x 10° years 
411 x lo ae 3-20 x 10° years 
1-15 x 10° o» 1-15 x 10" years 
3-58 x 10° - 3-68 x 10" years 


G = = & oe 

owe or 

Saouk 
xxxXxxXxXXX 


The remarkable stability of hydrocarbons is at once obvious. 
This is, of course, in the absence of oxygen or other reactive 
substances such as sulphur. At 100° the stability is greater than 
that of potassium, at 150 between that of thorium and uranium, 

This idea may be applied to various types of organic matter 


Thus a consideration of the Polyani-Wigner theory = = Nve—/2T 


leads us to suppose that where v, the highest frequency in the 
molecule is small, and when e, the heat of activation above which 
a bond will rupture is small, then the velocity of decomposition 





* Questions of equilibrium need not concern us here, as all reactions are 
in @ sense irreversible. 

18 Waterman and Perquin, J. Inst. Petr. Techn., 1925, 11, 1136. 

1° Gault and Hessel, Ann. Chim., 1924, 2, 319. 

* Maier and Zimmerly, Bull. Univ. Utah., 45, No. 7. 
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becomes large even at temperatures of 100°C. or less. In the 
case of complicated molecules we do not know either the value of 
v or «. We do know, however, that molecules associated with 
life processes are extremely unstable and sensitive to heat changes, 
This must be so for organic molecules even in the most primitive 
form of spore. Any living organism buried in such a manner 
that it can no longer get food or air cannot rebuild any molecules 
which are being decomposed through the action of heat. Even at 
ordinary temperatures, if the heat of activation is low, some mole. 
cules must be decomposing due to their high energy content. In 
the light of this theory it would appear impossible for any spores 
or other forms of organisms, say bacteria, to live for any great 
length of time removed from light and air. 

Consider now the fate of some organic material buried, during 
some remote geological period, under ever increasing layers of 
sediment. With subsidence the temperature of the buried mass 
will begin to rise and, being shut off from air and other agencies, 
the only change which can take place is that due to heat alone. 
The change in general will follow along the same lines whether 
the buried material was originally in the form of hydrocarbons, 
fatty acids or soaps. Assuming the validity of the monomolecular 
law over the temperature given in the table, it is clear the high 
temperatures required by Engler for decomposition are not n 
in a natural process where time plays an important réle. Experi- 
ments on thermal decompositions lead to the idea that 
decomposition does not begin at any one temperature, and that 
its lower temperature limit is only determined by the sensitivity 
of our measurements.“ Likewise the table shows that any buried 
waxy material must have at some time been at a temperature of 
at least 150°C. to allow for its transformation into petroleum within 
the limits of geological time. Assuming a temperature gradient 
of 1°C. for every 32 metres, a temperature of 100°C. would be 
reached at a depth of 2560 metres, or approximately 8390 ft. ; 
150° C. at 4160 metres or 14,649 ft.; and 200°C. at 5760 metres 
or 18,899 ft. Above 200° C. the rate of decomposition becomes so 
high that any fatty or waxy material would soon, geologically 
speaking, be transformed into, as will be seen later, gas and heavy 
asphalt. 

Now, as has been shown, the fatty and waxy material can only 
be synthesized by vegetable or animal organisms. Since this 
is of a paraffinic nature it follows at once that petroleum containing 
a high percentage of solid or semi-solid paraffin hydrocarbons must 
be either a young petroleum or be the remains of some primordial 





” Kiss, Ind. Eng. Ohem., 1931, 28, 315. 
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material which in no time of its history has passed through a 
temperature much exceeding 100°C. It is well known to any one 
who has had experience with the decompositions of hydrocarbons 
that any pure aliphatic substance when heated in a closed vessel 
free from air will in time give rise to a great variety of other 
hydrocarbons. The reverse never occurs. 


The objection to Engler’s theory on the ground that his experi- 
ments showed both free hydrogen and unsaturated hydrocarbons 
to have been formed, whereas neither of these substances are 
associated with natural petroleum can at present be answered 
only in a qualitative manner. It is manifest that the velocity of 
recombination or rearrangements of the primary decomposition 
products are governed by the velocity of the primary reaction. 
There is, however, much indirect evidence that the velocity of 
polymerisation and recombination at temperatures below 300°C. 
is very much faster than that of decomposition for most hydro- 
carbons. Kiss assumes the velocity of polymerisation to be 
instantaneous in his attempts to calculate gasoline yields in hydro- 
genation processes. The numerous experiments of Ipatiev ™ 
and others have demonstrated the fact that olefins are readily 
condensed into higher olefins or naphthenes, and also that pressure 
and various catalysts speed up the process tremendously. The 
réle of catalysts in this phase of the process of transformation 
must certainly be stressed in the light of such results as those of 
Brooks ** and others, who have found unsaturated hydrocarbons 
to be polymerised even at ordinary temperature when brought 
into contact with certain clays or other earthy-like substances. 

The velocity of hydrogenation, being of a second or higher 
order, must also be influenced by pressure and catalytic agents 
as well as temperature. This fact should not be overlooked when 
considering low-temperature cracking. 

The exhaustive work of Gault and Hessel give us, for the first 
time, some reliable information on the nature of the decomposition 
products of the heavier hydrocarbons.** They have formulated 
their results at different temperatures in equations, each of which 
predominates or makes its appearance at some one temperature. 


1. At 390° C. hexadecane distilled without decomposition. 


2. At 470° C. saturated and unsaturated gases and liquids were 
obtained, but no hydrogen. 





tiev, J. Russ. Phys.-Chem. Soc., 1906, 38, 63-75. 
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This is illustrated by the equation below :— 

3. At 540°C. the additional reaction made its appearance, 
yielding free hydrogen. 

(d@) R,CH,CH,CH,R, ~ R,CH=CH,+CH,=CHR,+H, 

4. At 685° C. a considerable amount of hydrogen was produced 
as well as aromatic compounds. The origin of the aromatics may 
be explained in two ways. Most of the evidence available points 
to equation (e) as being the correct one, although some of the 


benzene may possibly have been formed according to the scheme 
first mooted by Berthelot as in (f). 


(e) Olefin > cyclohexane — cyclohexene — cyclohexadiene > 
benzene. 
(f) Acetylene -> benzene. 


Other reactions beside those mentioned probably take place, 
as Paneth and his co-workers claim to have shown the existence 
of the free ethyl and methyl radical when hydrocarbons are heated 
to high temperatures. 


As has been mentioned before, according to the theory of mono- 
molecular reactions, all the above reactions must take place to 
some extent at any one temperature. The relative amounts of 
decomposition for the various possible reactions would be some 
function of the heats of activation and the physical chemical 
properties of the compound, and they would also probably be 
some function of the absolute temperature at which they can 
first be detected. We should therefore, on the basis of the theory, 
expect to find, at say 200° C., at any instant in a mixture of hydro- 
carbon material some olefins and a much smaller amount of 
hydrogen. Now Gault and Hessel found at 470°C. that even in 
the short space of time during which the hexadecane and hexa- 
decene had been in the tube a certain amount of cyclization had 
taken place into naphthenes. Thus cyclohexane may either be 
formed directly from hexylene or by the polymerisation of ethylene. 
Similar reasoning will show that di- or tricyclic compounds can be 
formed from the higher di- or tri-olefins. There are thus three 
facts at work to reduce the amount of unsaturation of the petroleum 
hydrocarbons ; the rearrangement of unsaturated compounds into 
rings, the combination of two or more to form rings or larger 
molecules with a lower hydrogen-carbon saturation ratio, and the 
direct addition of hydrogen. The velocity of the last two reactions 
will be accelerated by the enormous pressures to which all oils 
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must be subjected when buried in the interior of the earth. While 
we have at present no exact data in regard to the velocity of the 
above secondary reactions, there is enough available to show that 
the sum of the three is amply sufficient to prevent the accumulation 
of detectable amounts of free hydrogen or unsaturated hydro- 
carbons below temperatures of 300°C. Accurate information as 
to the mechanism involved in the formation of di- or tricyclic 
naphthenes is not yet forthcoming. Many reactions besides the 
one mentioned can be suggested and shown to be consistent with 
the rules of organic chemistry. 


With the progress of time the accumulation of cyclohexane 
and its derivations must necessarily increase. A certain pro- 
portion of these will become partially unsaturated and rearrange 
themselves to form polycyclic compounds ; another portion will 
be completely dehydrogenerated to yield benzene or toluene. 
These should make their appearance in the oldest type of petroleum, 
the asphaltic base. Oldest is here meant in the sense of being 
farthest removed from the original “‘ protopetroleum ” and not as 
regards time, as there are numerous geological factors which 
would determine the temperature of any particular underground 
region. 

Carrying along the analogy of low-temperature cracking in 
a bomb still farther, it ought to be possible to predict the ultimate 
fate of our hydrocarbon material. Besides the known physical 
chemical facts relating to petroleum hydrocarbons, we have the 
principle of Le Chatelier to guide us. So far as is known, the 
rate of primary decomposition is a function of temperature alone, 
although investigation in the future may show that the great 
pressures found in oil beds also exert an influence and, if so, will 
probably be found to increase the rate of decomposition. Among 
the products of decomposition occur saturated paraffins with 
one carbon atom less than the original molecule. This again 
decomposes, but at a lesser rate, because stability increases with 
decreasing molecular weight. There is thus an accumulation of 
light gaseous hydrocarbons with a high hydrogen-carbon ratio on 
the one hand and on the other liquid and solid hydrocarbons 
becoming even poorer in hydrogen. The influence of pressure will 
be such as to favour the formation of dense hydrocarbons in the 
form of ringed compounds. There is a contraction of molecular 
volume of 12 units when amylene is converted to cyclopentane, 
and 16 units in the case of hexylene to form cyclohexane.** Dense 
saturated molecules with a low hydrogen-carbon ratio, such as the 
polycyclic naphthenes are produced to greater and greater extent. 





*¢ Cohen, “‘ Organic Chemistry,” Vol. II., p. 18. 
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These form the high molecular weight and semi-solid substances 
found in asphalts. No correspondingly high molecular weight 
paraffins are found, the highest so far isolated being no greater 
than those found in the vegetable tissues mentioned at the 
beginning. 

It is further to be expected that the longer the heat treatment 
the more the cyclic hydrocarbons should be in evidence, and the 
earlier in the series of ascending molecular weights should the 
di- and tri-ringed compounds make their appearance in fractions 
having nearly equal boiling points. It is interesting, in the light 
of the theory put forward, to compare the structure of the hydro. 
carbons found in the various petroleum fractions going from 
east to west. Thus the molecule containing 15 carbon atoms 
belongs to the C,H..+, series in Pennsylvania petroleum, to 
the C,H,, in Ohio petroleum, etc. This is shown in a condensed 
form in the table below :— 


No. of carbon 
atoms in 
molecule. . 
Ce OH CHa 
Cas y CoHn-s 
Cy CoH yn-s 
Ultimately, a point must be reached where the hydrocarbon 
material is all in the form of a gas and a semi-solid material so 
viscous, owing to its high carbon content, that it will no longer 
flow. Such oilfields will yield only gas and no liquid oil. This 
condition will exist in all those fields where the bituminous material 
is of very ancient origin and has been buried at such a depth that 
the temperature has been over 200°. Thus the maximum depth of 
oil wells should never exceed 20,000 ft. In time the semi-solid 
remains, if still under the influence of heat, will lose all of its 
hydrogen and then become a natural form of petroleum coke. 
A mineral corresponding to this has been found and is classified 
under the name, anthroxalite. 


Whether the compounds of sulphur which occur in petroleum 
have come from the original material or have been formed after- 
wards through the action of hydrogen sulphide is a difficult 
question to answer. It is possible the nitrogen compounds are 
derived from protein material which accompanied the original 
fats. Similarly, the phenols, which are usually present to a small 
extent, have probably been formed through rearrangement from 
the ketones that have been formed in turn from the fatty acids 
or their lime soaps. 
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An explanation of the large pressures often encountered in 
oilfields is also suggested by the theory. The “ protopetroleum ” 
has at first a very small vapour pressure. With the formation of 
lighter hydrocarbons through low-temperature decomposition this 
vapour pressure increases. Finally, large amounts of the fixed 

us hydrocarbons accumulate, and these, if they cannot escape, 
build up a high pressure. Owing to the commercial importance 
of cracking and hydrogenation, much data is being obtained on 
the physical chemical reactions of petroleum hydrocarbons. When 
sufficient information is at hand on this phase of petroleum 
chemistry, and when the kinetics of polymerisation are more 
thoroughly understood, it may become possible, from the presence 
of certain compounds in petroleum, to calculate its age and the 
temperatures to which it has been subjected. 








784 


Catalytic High Pressure Hydrogenation of Aromatic Hydro. 
carbons and Catalytic High Pressure Destruction of the 
Corresponding Hydrogenated Products. 


II. Mesitylene. III. Hexamethylbenzene* 
By A. Dros, A. J. TuLLENERs and H. I. Warerman.t 


SumMary. 


Mesitylene was prepared from acetone by the method of W. A. Noyes, 
The high pressure hydrogenation was carried out at about 225°C. with 
nickel catalyst. In some experiments the temperature was about 150°C. 








The ru of the hexah itylene preparations lay between those 
of the ‘ " and “ _ compounds described in the literature. The 
specific refraction 3 34 of the present preparations varied between 


0-3324 and 0-3326. yA 0-3324-0-3333 and 0-3425 yey of 
Klepper); theoretical value 0-3294.) The aniline point was 55-56° C 


Hezamethylbenzene was prepared by the method of H. Reckleben and 
J. Scheiber omeuhes modified) from acetone and methanol. Hexamethy|- 
benzene depresses the aniline point of a hydrocarbon mixture, but in contra. 
diction with Carpenter this aromatic does react toward sulphuric acid. 


The high pressure hydrogenation with nickel catalyst was carried out at 
200-320° C 
-11 


Hezxamethylcycloherane preparations were obtained, Tae a = 0-327 1-0-3279 


(theoretical value 0-3294), boiling range 195°-208° C., and aniline point 
65-66° C. These preparations are probably mixtures of hexamethylcyclo. 
hexaneisomerides. 


II. HyDROGENATION OF MESITYLENE UNDER HiGH PRESSURE WITH 
NICKEL AS A CATALYST. 


MESITYLENE was prepared by dehydrating acetone with 
sulphuric acid, following the method of W. A. Noyes.' Acetone 
(12 1.) was slowly added to sulphuric acid (9 1.) both cooled to 
0° C.; the dark brown mixture was kept at ordinary temperature 
for 12-36 hours? The product was then heated slowly to 100° C. ; 
at this temperature superheated steam was introduced (see Fig. 1). 
It appeared that the preparation of mesitylene was improved when 
the temperature of the reaction mixture was raised gradually. 

762 grams of oil, resulting from two experiments were 
fractionated over sodium, 670 grams boiled between 161° and 
167°C. This product was shaken with sulphuric acid of 80 per 
cent. strength until the bromine number was zero (original bromine 
number=0-8 ; after shaking 4 times—0-0). 





* Part I., The Hydrogenation of Aromatic Hydrocarbons at High Pressure 
with Nickel on Kieselguhr as a Catalyst, J. Inst. Petr. Techn., 1932, 18, 179. 
t Paper received May 5th, 1933. 
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After this treatment with sulphuric acid the mesitylene was 
Hydro. purified further by careful rectification ; the constants of three, 
Of the B ,jmost equal, fractions were as follows :— 


n’-11 
Boiling range ny” d™, ny2d M.R.p. 
180 ml. 
mesitylene I.* 164-5-164-9 (769-4 mm.) 1-4978 0-8639 0-3392 40-74 
185 ml. 
mesitylene IT. 164-9-165-6 (769-4 mm.) 1-4985 0-8646 0-3393 40-75 
190 ml. 


mesitylene IIT. 165-6-168-1 (769-4 mm.) 1-4987 0-8652 0-3392 40-74 


The products mesitylene I., II. and III. altered after standing 
for some months ; in particular the constants of product I. showed 
a great difference (np®—1-4993; d®,—0-8706). Product III. 
had not altered very much (np*®=1-4993; d™®,—0-8682). The 


















































iG 1 
Fie. 1. 
PREPARATION OF MESITYLENE. 


instability, especially of product I., was also shown in other 
respects : C. van Vlodrop found that, after some months, product I. 
had no sharp solidification point (at about —55° C. it was solid) ; 
Product III., however, solidified at exactly —56° C. 





* ng —1-4936; np%®—1-4979; ng*”=—1-5088; ne®=—1-5183 (not sharp); 
M.R.g = 40-44; M.R.p = 40°74; M.R.y = 41-50; M.R.g’= 42°15 ; 


ne—o i946 
q 104 = 286. 
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After some months the elementary analysis of product III. was 
still in accordance with the theoretical value for mesitylene : 
Hydrogen, 9-8 and 10-2 per cent. (average, 10-0 per cent. ; calcu- 
lated, 10-1 per cent.); carbon, 89-3 and 89-4 per cent. (average, 
99-35 per cent.; calculated, 89-9 per cent.). The long stored 
product I. gave almost the theoretical amount of hydrogen by 
elementary analysis (10-2 and 10-4 per cent.; average, 10-3 per 
cent.), but only 87-1 and 87-3 carbon (average 87-2 per cent.), so 
that a change, combined with an oxygen absorption, was 
probable. 

The mutual difference between the three mesitylene fractions is 
considerable, though the difference is smaller than between most 
mesitylene preparations considered as pure in literature. 


HYDROGENATION OF MESITYLENE. 


Sabatier, who previously hydrogenated mesitylene with nickel as 
a catalyst, mentioned that, below 250° C., 1.3.5 trimethylbenzene 
is transformed, without complications and almost completely, to 
1.3.5 trimethyleyclohexane. This investigator worked at atmo- 
spheric pressure and conducted mesitylene in the vapour phase 
over the catalyst. 


H. Adkins, W. H. Zartman and H. Cramer* hydrogenated 
mesitylene under high pressure with nickel as a catalyst for 
four hours at 200°C. They used a mesitylene boiling between 
163-5°—164-5° C. The theoretical quantity of hydrogen was 
almost consumed. Their reaction product was 1.3.5 trimethyl- 
cyclohexane, boiling at 136-138° (740 mm.). Adkins and his 
collaborators mention the work of J. Klepper.’ 

The hydrogenation of mesitylene has been studied more in 
detail, always using high-pressure hydrogen and nickel on guhr as 
a catalyst. Unless otherwise mentioned, 10 per cent. by weight 
of the catalyst was used. 


EXPERIMENTS WITH MEsITYLENE I. 

The initial hydrogen pressure amounted to 136 kg/cm? (14° C.) ; 
the free space of the autoclave was 1:8 litre. 

From the pressure-temperature curve, it appeared that at 
slightly above 100° C. the hydrogenation was rather strong. The 
maximum temperature, reached after 160 minutes, was 227° C. ; 
heating was then discontinued. From the final pressure, after 
complete cooling, it could be deduced that hydrogenation was 
complete. The gases in the autoclave consisted of hydrogen 
only. 
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The liquid product (np®=1-4283; d™®,—0-7747;  anilin 
point=56°C.) was hydrogenated once more under analogoys 
conditions. In this case a decrease in pressure of only a fey 
kg/cm? took place, perhaps caused by the oxygen content of the 
hydrogen used. 

The gases consisted again of hydrogen only. The reaction 
product had the following properties : np® = 1-4282 ; d®,—0-7746. 
n*-1] 1] : : 
m3 at 0-3323 being practically unchanged. 

The molecular weight (determined by the lowering of the freezing 
point of benzene) of the product from the first hydrogenation was 
124 and 125 (theoretical for C,H,,—126). 


EXPERIMENTS WITH MESITYLENE II. 


According to literature, cis-trimethylcyclohexane can be prepared 
by hydrogenation of mesitylene at room temperature in the presence 
of platinum, while working at higher temperature, with nickel as a 
catalyst, trans-trimethyleyclohexane should be formed.*® 


Now three experiments were carried out with an initial pressure 
of 140, 260 and 500 kg/cm* respectively. The impression was 
obtained that the higher the pressure the lower could be the 
hydrogenation temperature. In the experiment with 500 kg/cm! 
hydrogen initial pressure, hydrogenation was already noticeable 
below 100°C. The maximum temperature of the three hydrogena- 
tions was 240°, 217° and 148°C. respectively. The experiments 
were discontinued as soon as the lowering of pressure caused by 
hydrogenation had ended. 


The physical properties of the reaction products, together with 
those of a hydrogenation experiment (initial pressure 120 kg/cm’; 
maximum temperature 230°C.) of product III. are given in 
Tabie I. 

The reaction products were fractionated. Some physical 
constants of the first running, head-fraction and residue were 
determined (see Table II.). The percentage by weight of the 
first running and the residue was very small in all cases. 

The mixed distillation residues, which probably contained some 
unchanged mesitylene, were hydrogenated again during some 
hours with nickel or guhr as a catalyst. The initial pressure was 
149 kg/cm? (15°C.) the maximum temperature 228°C. The 
np™ decreased to 14293 during hydrogenation. 

The present hexahydromesitylene products, prepared at high 
pressure, have a higher specific gravity and a higher refractive 
index than the “trans” products in literature. They more 
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3. 
aniline § closely resemble the “cis” products, though they have a lower 
1alogous yn and d than the last in A As a matter of fact their proper- 
y a few Il ties are situated between both. 
t of the 
Taste I. 
reaction Hydrogenation Products of Mesitylene. 
0-7746 : (Not fractionated, but filtered from the catalyst.) 
n’—1 1 A.P. Solidifying 
Reaction product from : np” d*, wa3 a point. 
. Mesitylene I.— 
freezing After hydrogenating once .. 14283 07746 03323 56° —67-4 
lon was MH after hydrogenating twice .. 14282 0-7746 0-3323 
After hydrogenating and 
shaking with sulphuric _ 
(d:1-84)$ .. oe . 14278 0-7729 0-3327 
opens Mesitylene II.— 
resence , . 
bell ena After hydrogenating twice 
(initial pressure about 
140 kg/cm*) od -. 14285 0-7756 03320 57° —68°5 
ressure 
on was Mesitylene II.— 
be the After hydrogenating twice 
kg/cm! (initial pressure about 
iceable 260 kg/cm*)* os -. 14369 0-7891 03319 54° — 
ogena- After hydrogenating and 
iments shaking with sulphuric acid 
sed by (d:1-84)¢ .. o« . 14324 0-7827 03316 61° —655-4 
: Mesitylene II.— 
r with After hydrogenating once 
g/em*; (initial pressure about 
ren in 500 kg/em*) .. . 14309 07795 03320 54° — 
After hydrogenating ond 
1ysical shaking with sulphuric acid 
were (d: 1-84) .. oe .. 14288 0-7745 0-3327 58° — 
f the § 
Mesitylene III.— 
nome After hydrogenating once .. 1-4340 — — 50° _— 
oume After hydrogenating twice .. 1-4302 0-7779 0-3322 54° —#62:1 
> wes *The properties of this reaction product are not in accordance with the 


The properties of the other reaction products. We cannot explain the reason of 
this difference. 
igh tno”, 14256; np, 1-4278; ny”, 1-4332; ng™, 1-4377 ; 
hig (Ro 20) 19¢— 157 
wctive da z 
t Only a small portion of the hydrogenated product was used. 
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It is noted, however, that the specific refraction of the present 
products is somewhat lower, so, as mesitylene has a higher specific 
refraction, the products are probably free of aromatics. The 
theoretical specific refraction of hexahydromesitylene is 0-3294.4 
The value obtained in the present work (0-3324-0-3326) is higher, 
while the values of literature are still higher (0-3324-0-3333).5 
A very high value was calculated (0-3425) for the product of 
Klepper,’* and this enormous difference cannot be explained. 
The specific refraction of Klepper’s preparation is even higher 
than the specific refraction of unaltered mesitylene. 


DESTRUCTIVE HYDROGENATION OF HEXAHYDROMESITYLENR. 


As a preliminary experiment, 132g. of the mixture of the 
completely hydrogenated products (see Table II.) were heated for 
one hour at 450°-460°C. The initial hydrogen pressure was 130 
kg/cm*; 80 minutes were required for warming up. The resulting 
gases were divided into two fractions by cooling with liquid air. 
The lowest boiling fraction consisted almost completely of hydro- 
gen, while the second fraction was almost pure methane. 


Part of the liquid in the autoclave (np*®=1-4460; bromine 
value 1, 2) was fractionated. 


The fractions III. and IV. (see Table IV.) were hydrogenated 
with nickel as a catalyst under high pressure until no more hydrogen 
was consumed (pressure did not decrease further at a constant 
temperature). The initial pressures were 146 and 120 kg/cm* 
respectively ; maximum temperatures 200° and 220° C. 

This hydrogenation (with analytical purposes) took about 1 hour 
for fraction III. and about 2 hours for fraction IV. (including the 
time necessary for warming up). 


Taste IV. 


Liquid reaction products of the Destructive Hydrogenation of Hexahydromesitylene 
at 450°-460° C. 
After the analytical hydrogena- 
Before the analytical hydrogenation. tion under y FF yy: with 
nickel as a catalyst at low 
temperature.'’* 
Volume 
FractionBoiling in a”, np” 
No. range. cm’ 





<60°C. 21 ©744(17°) 13952 
1-4134 
0-8347 <12° 
The low bromine value of the liquid reaction product, combined 
with the relatively low analine point of the fractions ; the increase 
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of the aniline point by hydrogenation, and shaking with sulphuric 
wid are important indications for the presence of aromatics, 
especially in the fractions III.andIV. The constants of fraction IV. 
after hydrogenation do not differ very much from those of 1.3.5 
trimethyleyclohexane. 

The constants of fraction I. make the presence of naphthenes 
probable (e.g., cyclopentane and derivatives). 


The presence of methane in the gas fraction shows some splitting- 
off of the side chains. 


References 


1 Amer. Chem. J., 1898, 20, 807. 

*The temperature of mixture was always below 20° C. 

3 Fortschritte der Chemie, 1924-26, 18, 554. 

‘ Ber., 1930, 63, 3077. 

‘ Ann., 1919, 419, 92. 

*J.ACS., 1931, 53, 1425. 

J. Klepper, Sur la préparation d"hydrocarbures pures, Chimie et Industrie, 
Vol. 21, No. 2bis (numéro spécial 1929, 8me Congrés de chimie industrielle). 
The constants of 1.3.5 trimethyleyclohexane as given by Klepper differ 
noticeably from the literature values (see Table III.). The values as found by 
Klepper were: boiling point (760mm.), 136-140°; np™=—1-4304; 
4-50-7521 ; - Lu 0-3425 (our calculation). 

n’+2d 

*The preparation of the catalyst was as given in: H. I. Waterman 
‘Het harden van olien,”” Gorinchem, Noorduyn & Zoon, 1921, p. 5. The 
nickel content of the catalyst used was 15 to 20 per cent. The catalyst, 
reduced at 550° C., was cooled to 200° C. in H,, from 200° C. to room tem- 
perature in CO,. 

* Fr. Eisenlohr, loc. cit. 

” Fr, Eisenlohr, loc. cit. 

"K. von Auwers, Ann., 1920, 420, 102; see also Fr. Eisenlohr, loc. cit., 
p. 555. 

"J. F. Eykman, Chem. Weekbi., 1911, 8, 653; see also Fr. Eisenlohr, 
le. cit., p. 556. 

* Supposed d*/,, 0-771. 

4 See also J. C. Viugter, H. I. Waterman and H. A. van Westen, Chem. 
Weekbi., 1932, 29, 226; J. Inst. Petr. Techn., 1932, 18, 735-750. 

Especially the last two “trans” products in Table III., which also 
possess a rather high specific dispersion (162 and 159). 

Loc. cit. 

*These products were practically free of aromatics, as is shown by the 
value of the specific dispersion (about 157). 

Ne np hy na’ co a, a 10 
Hydrogenated fraction III. .. 14178 1-4201 1-4253 1-4297 198 0-7620 156 
Hydrogenated fraction IV. .. 1-4239 1-4262 1-4315 1:4360 198 06-7725 157 

These properties were determined some months later, and in particular 

Fraction III. was probably somewhat evaporated. 
8K2 
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III. HypROGENATION oF HEXAMETHYLBENZENE UNDER Higy 
PRESSURE WITH NICKEL ON GUHR AS A CATALYST. 
PREPARATION OF HEXAMETHYLBENZENE. 


Hexamethylbenzene was prepared by passing an equi-molecular 
mixture of acetone and methanol at 400° C.. in the vapour phase. 
over aluminium oxide, following the method of H. Reckleben and 
J. Scheiber.* 

The present work was carried out continuously, as far as possible 
in contrast to the method of Reckleben and Scheiber. 


Fic, 2. 
PREPARATION OF HEXAMETHYL BENZENE. 


The mixture of hot gases coming from the reaction tube was 
passed into a receiver R (see Fig. 2), provided with a reflux condenser 
which was filled with glass-wool. The receiver R was heated by 
means of an oil bath to such a temperature that acetone and 
methanol did not condense, the crude hexamethylbenzene and 
higher boiling products being separated in R. Acetone and 
methanol were recycled, after separation of the water formed 
during the reaction and drying with K,CO,? (in 8S). To secure a 
constant feed, a tube provided with a condenser was placed between 
the vapour space above the liquid in the charging-device (V) and 
the reaction tube. The reaction tube was heated electrically, the 
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: Hicx receiver being partially cooled with compressed air. The apparatus 
was provided with a mercury safety-arrangement. 

The catalyst decreased in activity during the experiments, as 
was shown by a larger quantity of gaseous decomposition products, 
and a smaller yield of hexamethylbenzene. Carbon was deposed 
on the catalyst. The catalyst was revived every two days, by 
passing over air at a temperature of 500°. This air was introduced 
at T and left the apparatus at U. 

In rather more than two weeks, 2320 g. acetone (40 g. mol.) 
and 1280 g. methanol (40 g. mol.) were passed over, giving 170 g. of 
a brown solid and 500 g. of a dark green liquid. The latter was 
fractioned ; the fractions boiling from 200-300° C.* were cooled, 
and the resulting 10 g. solid product added to the 170 g. already 
mentioned. 

The solid was purified by crystallisation from boiling ethanol 
using carboraffine to decolourise. The product was distilled, 
recrystallised and distilled once more, giving 84 g. of a pure 
white substance‘ (recovery about 4 per cent. by weight). 

Melting point= 162° C.; bromine value=0 (addition method of 
Mc.Ilhiney) ; Elem. analysis§: % H=11-l and 11-1; %C=88-1 
and 87-8; the product contained some ash (<1%). 
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Action OF HEXAMETHYLBENZENE WITH STRONG SULPHURIC ACID- 

It was of special interest to see how far hexamethylbenzene 
fulfilled the prediction of Carpenter® : ‘‘ Certain aromatics, such as 
hexamethylbenzene, depress the aniline-point of a mixture, but 
do not react towards sulphuric acid ; in such cases they will tend 
to be regarded as naphthenes of a particularly smoky type on 
burning a kerosine containing them. Such aromatics are probably 
the causes of discrepancies in the calculation of aromatics and 
naphthenes, which have often been on separating classes of hydro- 
carbons by solvent extraction of fractions over 250° C.” 

It was shown that the hexamethylbenzene product obtained in 
the present work lowered the aniline-point of a paraffinic oil 
fraction (boiling point=250-275° C. ; aniline-point=92-5° C. ; pre- 
viously shaken with strong sulphuric acid). 

2-5 and 4-2 per cent. by weight of hexamethylbenzene gave a 
lowering of 2-3° C. and 3-8° C. respectively, or 0-9° C./% by weight 
of hexamethylbenzene. 
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Arter TREATMENT witH Strone SvuLPHuric ACID, HOWEVER, 
THE ANILINE-PorInt INCREASED IN BOTH CASES TO THE ORIGINAL 
VALUE. 

Also in another medium, viz., commercial decahydronaphthalene’ 
purified by shaking with sulphuric acid to constant aniline-point 
the results were the same : 4-3 per cent. by weight of hexamethyl- 
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benzene gave an aniline-point lowering of 3-4° or 0-8°C./°% by 
weight. After treatment with sulphuric acid (d=1-84), washing 
and drying, the aniline point had again the original valy 
(35-4° C.). So it must be concluded that hexamethylbenzene jy 
removed from a paraffinic as well as from a naphthenic medium 
by shaking with strong sulphuric acid. 


HYDROGENATION OF HEXAMETHYLBENZENE. 


50 gram hexamethylbenzene were heated with high pressur 
hydrogen for three hours, using nickel on guhr* as a catalyst 
(experiment T121). The initial hydrogen pressure was 133 kg/cm* 
the maximum temperature was 319°C. Hydrogenation was 
already noticeable below 200° C. 

Next day hydrogenation was continued for four hours (after 
repressuring to 143 kg/cm*); then practically no hydrogen was 
consumed further. The gases from the autoclave consisted of 
hydrogen only, and no methane or other decomposition products 
could be detected. 

The reaction product was a water white liquid: np®=1-4518; 

2 
a», —0-82290; B—! 1 _ 9.3981. 
n?+2 d 

To show that this product was hydrogenated completely, it was 
heated again with new catalyst for two hours with hydrogen under 
analogous conditions as previously. As could be expected no 
hydrogen was consumed further, though the properties changed 
somewhat, probably caused by intermolecular rearrangements, as 
were shown by different hydrogenations of aromatic hydrocarbons 
in our laboratory.*® 


ee 
np”=1-4496 ; d*®,—0-8184 ; aah. aie 0-3281; nc ®=1-4474; 
n’?+2 d 


ny” —1°4550 ; ng’™ 1-4595 ; “—““10*= 148. 


mh 


These properties showed that the product was hydrogenated 
completely. 

In experiment T122 sixty gram hexamethylbenzene wer 
hydrogenated in three stages : twice for four hours, the third time 
for three hours. During this third hydrogenation hardly any 
hydrogen was consumed. 

The properties of the reaction product (np*® = 1-4516 

Den 
d™ ,—0-8225 ; — = 0-3277) did not differ much from those 
of the reaction product of T 121, where the hexamethylbenzene 
was hydrogenated in two stages. 

Both reaction products were fractionated :— 
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The reaction products were almost free of aromatics as is shown 
by the values for the specific dispersion, and the still high aniline. 
points of the end-fractions. 

The boiling point of hexamethylbenzene is about 60° C. higher 
than the boiling point of the hydrogenated product, so the first 
will, if present, probably accumulate in the end fractions on 
distillation. 

Benzene and cyclohexane have almost the same boiling point, 
toluene and methyleyclohexane show a difference of 111°-101°= 10°, 
o.xylene and o.dimethyleyclohexane’® differ 143°—125° = 18°, p.xylene 
and p.dimethyleyclohexane® 137°-120°= 17°, m-.xylene and 
m.dimethyleyclohexane 138°—120°= 18°, mesitylene and trimethyl. 
cyclohexane 165°-139°=26°, while the difference for hexamethyl- 
benzene and hexamethyleyclohexane amounts to 264~(about) 
198°=above 60°C. 

The difference between the melting points of the higher methyl. 
benzenes and their hydrogenated derivatives is till greater. 

Benzene and cyclohexane have almost the same melting points, 
while the corresponding hexamethyl compounds shows a very 
great difference. 


DEsTRUCTIVE HYDROGENATION OF HEXAMETHYLCYCLOHEXANE. 


42:3 gram of a mixture of the head fractions of the reaction 
products of T121 and T122 were slowly heated to 472°C. and 
kept at that temperature for half an hour. 7 gram nickel on guhr 
were used as a catalyst, the intitial hydrogen pressure was 
128 kg/cm*. The result was: 19-9 gram gases and 22-4 gram 


2 
ie " n?-] | ; 
liquid. (np*°—1-4428; d®,—0-7641; —_ 7 0-3468; bromine 
value—0). wre § 
Partially fractionated the liquid yielded :— 
: Aniline point 
Volume ni—1 1 before and after 
Boiling point. in em.* np” a*, m+2 d treatment with 
sulphuric acid. 
30-100° C. .. 2-6 1-4181 0-7075 0-3563 —- 
100—180° oe 3-2 1-4500 0-8084 0-3339 28-5 54-0 
>180° ax 3-3 1-4533 0-8237 0-3283 59-4 63-8 


The two low boiling fractions were not investigated further ; as 
appears from the properties the highest fraction consisted principally 
of unchanged hexamethylceyclohexane (4 of the total liquid reaction 
product). So hexamethycyclohexane shows to be partially 
resistant to the high temperature under the circumstances given. 

Delft, Laboratory of Chemical Technology of the 
Technical University. 
April, 1933. 
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Polymerisation and Explosive Decomposition of Ethylene 
under Pressure.* 


By Gustav Ee.torryt and R. E. Scuaap.t 


Mvucu has been published on the polymerisation of ethylene 
under pressure in the absence’ and presence of catalysts,* but less 
is known about the decomposition of this hydrocarbon under 
pressure.* The present paper gives further data on the properties 
of the products, both liquid and gaseous, from the polymerisation 
of ethylene. 

It is not generally known that ethylene, under certain conditions, 
is a highly explosive substance. The first observation of explosive 
decomposition of this gas was noted by Waterman and Tulleners.‘ 
They reported that ethylene decomposed explosively at a temper. 
ature above 350° and a pressure of about 170 atmospheres without 
any added catalyst. The products were chiefly carbon, methane 
and hydrogen. 

Several such explosions are reported in the present paper, 
having been observed during the treatment of ethylene under 
pressure in the presence of a hydrogenation catalyst. 


EXPERIMENTAL. 
APPARATUS AND PROCEDURE. 


(1) Stationary Autoclave-—A stationary, electrically heated mild 
steel autoclave of 615 cc. capacity, similar to that described by 
Ipatiev (Ber. 37, 2961-85 (1904)), was supported in a slightly 
inclined position. The pressure within the autoclave was measured 
by a gage (with a range of 5 to 340 atmospheres) connected to the 
steel gas inlet tube between a needle valve and the head of the 
autoclave. The temperature within the apparatus was measured 
by a Leeds and Northrup potentiometer connected to an iron- 
constantan thermocouple immersed in a well extending from the 
head along the axis of the autoclave. 

After the head of the autoclave was bolted on over a new copper 
gasket to insure a tight closure, the apparatus was filled with 
ethylene to a gage pressure of about 50 atmospheres at room 
temperature. Then the autoclave was heated in the electric 
furnace provided with hand operated rheostats, while readings of 
temperature and pressure were recorded at intervals of five minutes. 
As shown by Fig. 1 the pressure increased with rise of temperature, 
reached a maximum between 325 and 350° and then dropped at 
a maximum rate of three atmospheres per minute, while the 





* Paper received May 18, 1933. 
+t Universal Oil Products Company, Chicago, Illinois (Research Labora- 
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POLYMERISATION OF ETHYLENE IN A STATIONARY AUTOCLAVE. 
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temperature was brought to the chosen 380°, which was maintained 
until the pressure ceased dropping and became constant. 

(2) Polymerisation Tube-——As shown by Fig. 2 this apparatus 
consisted of a vertical tube of mild steel (91 cm. long with 2-9 cm, 
inside diameter and 6-4 mm. walls) fitted at the top with a hexa. 
gonal screwed-on cap carrying a thermo-well 66 cm. long. A gas 
inlet tube equipped with a gage of range 3 to 340 atmospheres 
was connected to the steel tube 7-6 cm. below its top. The upper 
15-2 cm. of the steel tube projected out of the top of an electric 
furnace 6-3 cm. inside diameter and 61 cm. long. 

The bottom of this steel tube was closed by a steel adapter 
connected to a steel needle valve. Gas and oil produced from 
ethylene by the heating under pressure were released by means of 
this valve and conducted into a condensing train consisting of 
two distilling flasks cooled by ice. The volume of gas leaving the 
condensing train was measured by a wet meter. 

The steel tube filled with ethylene at atmospheric pressure was 
heated nearly to the temperature chosen for the experiment, then 
more ethylene was admitted from time to time, so that after 
several such additions the apparatus was under the full cylinder 
pressure. Care was required at this point as the temperature had 
a tendency to rise suddenly when the introductions of ethylene 
were large. After reaching the chosen operating temperature, the 
needle valve was opened enough so that the treated gas containing 
the polymerisation products could be drawn off at a chosen constant 
rate. Samples of the gas leaving the wet test meter were collected 
and analysed by the Burrell gas analysis apparatus. One sample 
of the effluent gas was also analysed by the Podbielniak method. 

The temperature of the polymerisation tube was measured at 
intervals of 5 cm. throughout the central 40 cm. of the heated 
section (Fig. 3) by sliding the thermocouple up and down in the 
axial thermo-well. Hereafter in this paper the average of the 
temperatures so observed in this 40 cm. portion is referred to as 
the average temperature of polymerisation. The tube temperature 
was kept constant with the thermocouple junction in the hottest 
section during the greater part of each experiment. 


MATERIALS. 


Compressed Ethylene (“ anesthesia” ethylene) was obtained in 
steel cylinders from the Ohio Chemical and Manufacturing Company, 
Cleveland, Ohio. An analysis of this gas by the Podbielniak 
method showed it to consist of 97-0 per cent. ethylene, 0-5 per cent. 
acetylene, 1-5 per cent. propane and 1-0 per cent. butane. 

Alumina.—Both calcined and precipitated alumina were used. 
The first was prepared by heating aluminum nitrate at 350°. The 
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other was obtained from aluminum sulphate by precipitation with 
ammonium hydroxide, washing the precipitate with distilled water 
until free from sulphate and drying the precipitate at 180°. 
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Fic. 3. 
HEAT DISTRIBUTION ALONG POLYMERISATION TUBE DURING POLYMERISATION 
OF ETHYLENE. 


Mixed Catalyst—4Ni0-2A1 ,0,—CuO—The mixture of hydroxides 
was precipitated by adding with stirring 250 c.c. of a solution contain- 
ing 36-7 g. sodium hydroxide to one litre of a boiling aqueous solu- 
tion containing 31 g. crystalline aluminum nitrate, 24g. nickel nitrate 
hexahydrate and 5 g. cupric nitrate trihydrate. The precipitate 
was filtered hot and washed repeatedly with hot distilled water, 
dried in air 17 hours at 210°, and then heated one hour at 220-290° 
under 130 atmospheres hydrogen pressure. As the catalyst still 
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contained nitrates, it was heated one hour in a stream of air at 
250-315° followed by heating to 210° during two hours under 
50 atmospheres hydrogen pressure and lastly for 7 hours at 290—320° 
and atmospheric pressure in a stream of dry air. The finished 
catalyst did not give the purple colour (characteristic of nitrates) 
with the diphenylamine reagent (20 ml. H,O, 80 ml. H,SO, and 
0-02 g. diphenylamine). 


EXPERIMENTAL RESULTS ON POLYMERISATION. 
Autoclave Experiments.—In the absence of catalysts and in the 
presence of the alumina prepared by calcination, a mobile, rather 
opaque brown oil with greenish tinge was obtained equivalent to 


Taste I, 
Polymerisation of Ethylene in a Stationary Autoclave. 
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66-70 per cent. by weight of the ethylene charged. A similar 
yield of red transparent oil was produced in the presence of the 
alumina prepared by precipitation. Only traces of carbon were 
formed in these experiments. 

As shown by Table L., all the oils obtained, both in the absence 
and presence of alumina, were similar in boiling range, density 
and refractive index. The experiments in the presence of alumina 
repared in the two ways did not produce as high a proportion of 
oil boiling above 280° as reported by Ipatiev', but oils were obtained 
with practically the same distillation curves as those produced in the 
absence of a catalyst. 


Taste II. 
Continuous Polymerisation of Ethylene in a Heated Steel Tube. 


Experiment No. .. a 82 83 84 85 
Pressure, atms. (average)... oe 77 71 63 60 
Temperature along axis of tube 
(average) :— 

Hottest spot... - e6 402 457 458 457 

Central 40 cm, oe be 377 432 424 427 

Central 30 cm. - o« 386 440 437 437 
Time on test, hours ee on 6-58 6-55 6-92 7-17 
Effluent gas :— 

Total volume, 1 oa “a 105 67 85 67 

Rate of flow, 1/hr. $e 16 10 12-3 9-35 


Jontact time in central 50 cm. 
of heated age of tube, 





minutes 43-7 50-7 43-5 47-3 
Sp. Gr. (air = 1) ee ee — 1-2516 — 1-2443 
Liquid Products :— 
Total, ml. ee ae a 61 510 522 464 
MI./1 of effluent gas. 0-635 7-6 6-1 6-9 
Per cent. by wt. of thy lene 
charged oe 28 78 76 76 
415.5 oa ve ‘ 0-761 0-765 0-762 0-761 
165 tw. - nal a: ~~ 4 
Carbon, g./l of effluent gas oe 0-007 0-001 
Analysis of effluent gas (°%, b 
volume) :— 
Co ee ee ee s«* OF 1-1 a 0-5 
CaH gn 97-8 62-8 = 73-0 
O, 0- 1-0 — 1-2 
cd a 0-4 m an 
Col ass — 31-4 -- 23-7 
ee Dé . we 1-5 -— 0-2 
n of CoH gns 2 +. ee _ 1-8 om 1-8 


Polymerisation Tube Experiments —As shown in Table II. 
passage of ethylene through the hot steel tube under an average 
pressure of 70 atmospheres yielded a maximum of 78 per cent. by 
weight of a reddish oil with green fluorescence. In this experiment 
(No. 83) 510 ml. of oil formed in 6-55 hours with 67 litres of effluent 
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gas. Only a trace (0-001—-007 g./l.) of carbon was formed. The 
percentage yield was calculated by assuming that the weight of 
the ethylene charged was equal to the sum of the weights of 
resulting oil, effluent gas and carbon. 

Analysis of the effluent gas from experiment No. 85 by the 
Podbielniak method gave the following results : 


° 


Uncondensables and methane 


— 


Go bo Go Co HS Go 0 © & =15 
th» Com CO im Go om & 


Isobutylene 
n-Butane .. 
Butadiene .. 
Isopentane 
n-Pentane .. 


The results listed in Table III. show that in order to polymerise 
the same proportion of ethylene in a steel tube through which the 
gas was passed as was polymerised in the stationary autoclave, it 


Taste III. 
Properties of Oils formed by the Polymerisation of Ethylene. 
Oils produced in 
Polymerisation 
Autoclave. tube. 
Pressure, aims. .. Se oe -. 131-158 max. 60-71 average. 
Temp., average . bs a os 379-380° 424-432° 
Time of heating, hours .. oe os 1-78-3-45 0-73-85 calc. 
Liquid products, an cent. by wt. of 
he lene — we - 66-74 76-78 
q ls -5° es - o< os 0-766—-777 0-761—-765 
15-5° 
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Engler Distillation of Liquid Products. 
Experiment Experiments 
21. 5 
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was necessary to use a temperature 40—50° higher (average temper- 
ature over the central 40 cm. of the heated portion of the tube). 
This increase in temperature apparently compensated for the 
smaller contact time in the hot tube and for the lower concentration 
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of ethylene since the tube was operated under an average pressure 
of about one-half the maximum attained in the autoclave experi- 
ments. The oil produced in the polymerisation tube contained 
more low boiling constituents than did that produced in the 
autoclave where the contact time was longer and the pressure 
greater. 

Hempel distillation of the combined oil (1-5 litres) from 
experiments 83 to 85 gave the results shown in Table IV. 


Taste IV. 
Hempel Distillation of Oil from the Polymerisation of Ethylene. 
Product. Boiling Range Per cent. 
°C, by volume. Colour. 

Gasoline .. 2s -. 35-210° 78-5 Yellow. 
Kerosine .. ow .. 210-292 13-5 Orange. 
Lubricating oil .. .. 145-257 (7 mm.) 6-7 Dark Brown. 
Residue and loss (by weight) — 1-3 — 
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The gasoline fraction had a yellow colour, good odour, bromine 
number of 81, and octane number of 76 by the motor test method 
described by Hubner and Murphy.’ Analysis of this gasoline by 
the method of Faragher, Morrell and Levine* showed it to contain 
44-5 per cent. olefins and 9-6 per cent. aromatics—the remaining 
45-9 per cent. being paraffins and naphthenes. 

A distillation of 250 ml. of the gasoline fraction (35-210°) using 
a Peters’ fractionation column gave the results shown by Fig. 4. 
This curve exhibits several steps or discontinuities, which (it is 
interesting to note) occur at vapour temperatures corresponding 
approximately to the boiling ranges of the paraffins and 
olefins having five to nine carbon atoms per molecule. 


Of the distillate from the Peters’ fractionation the first 63 per 
cent. was colourless; the remainder, yellow. All fractions con. 
tained unsaturated hydrocarbons as evidenced by the rapid 
decolorisation of bromine in carbon tetrachloride solution. 


ETHYLENE ExpLosions IN A STATIONARY AUTOCLAVE. 


After experiment No. 26 (Table I.), 2 grams of the catalyst 
4NiO-2Al1,0,-CuO (51-35-14 per cent. respectively) was sprinkled 
on the inside of the autoclave, which was then filled with ethylene 
to 49 atmospheres initial pressure. When heated, this gas expanded 
normally as shown by Fig. 5 until a pressure of 143 atmos. was 
reached at 330°. The pressure suddenly rose from 143 to 340 atmos. 
and the temperature increased 200°. The high pressure caused a 
leak around the copper gasket, so that in about a minute the 
pressure dropped to 210 atmos. and then decreased siowly as 
the autoclave cooled—the, final pressure being 28 atmos. at 11°. 
This residual gas (volume of 16 litres) contained 0-8 per cent. 
olefins, 1-0 per cent. oxygen, 37-6 per cent. hydrogen, 54-2 per cent. 
paraffins (methane), and 6-4 per cent. nitrogen (by difference). 

The autoclave was found to be filled completely with 25 grams 
of fluffy carbon equivalent to 40 per cent. by weight of the ethylene 
charged. Soxhlet extraction of this carbonaceous material re- 
moved 0-09 per cent. oil. By combustion analysis the following 
results were obtained: Anal. Subs., 0-0955: CO,, 0-3423; 
H,O, 0-0070. Subs., 0-1524: ash (catalyst), 0-0023. Found: 
C, 97°99; H, 0-8: ash, 1-5. 

Following the removal of the carbonaceous decomposition 
product, the autoclave was cleaned by means of a rotating wire 
brush and emery cloth, and then recharged with ethylene to 
58 atmospheres at 25°. On heating this charge, the pressure 
increased normally with temperature (rise of 4° per minute) and 
reached 254 atmospheres at 331°. While this observation was 
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being recorded, a slight unusual noise at the autoclave gave nee | 
of the explosion which, about two minutes later, smashed the 
pressure gauge, scattered parts of it, and filled the laboratory 
with a cloud of carbon. The force of the gas discharging through 
the broken gauge rotated the autoclave about 180°. After cooling, 
the autoclave contained 5 grams of carbonaceous material contain- 
ing 1-24 per cent. of oil extractable by benzene in the Soxhlet test. 
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DECOMPOSITION OF ETHYLENE IN A STATIONARY AUTOCLAVE, 


It is now thought that this explosion was caused by a small 
quantity of the catalyst 4NiO-2A1,0,-CuO (from the preceding 
experiment) remaining in the gas inlet tube or in the apex of the 
cone-shaped bottom of the autoclave where the steel brush could 
not thoroughly clean. 

Utmost precautions were next taken to polish the autoclave 
inside by means of emery cloth and steel rods. The gas inlet tube 
was also purged by releasing blasts of hydrogen through it. Ethy- 
lene which was then charged to 20 atmospheres initial pressure 

3L2 
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began to polymerise at 325°. Further heating for 2-5 hours at 
380° completed the polymerisation, which yielded 12-5 grams of 
brownish yellow oil with green fluorescence equivalent to 68 per 
cent. by weight of the ethylene charged. 


SuMMARY. 


1. Polymerisation of ethylene began between 325 and 340° in a 
stationary autoclave in the presence or absence of alumina under 
50 atmospheres initial pressure. With two and three hours’ 
further heating at 380°, brown and red oils were obtained equivalent 
to 63-73 per cent. by weight of the ethylene charged. 

2. A temperature of approximately 430° was required in order to 
produce the same yield of oil from ethylene in a heated steel tube, 
through which the gas was passed continuously, as was obtained 
in the stationary autoclave at 380°. 


3. Analysis of the gaseous products formed during the continuous 
polymerisation of ethylene showed them to contain methane, 
ethane, propane, n- and i-butane, n- and i-pentane, propylene, 
i-butene and butadiene. 


4. Distillation of the 35-210° fraction of the oil from the con- 
tinuous polymerisation of ethylene indicated the presence of 
paraffins and olefins containing 5 to 9 carbon atoms. 


5. Ethylene in the presence of the catalyst 4NiO-2Al,0,-Cu0 
under 49 atmospheres initial pressure decomposed explosively at 
330° generating 340 atmospheres pressure and producing 40 per cent. 
by weight of carbon and a gas containing approximately 40 per cent. 
hydrogen and 55 per cent. methane. 


6. A more violent explosion occurred in the next experiment 
when ethylene under 58 atmospheres initial pressure was heated 
to 331° in the autoclave now believed to have contained traces of 
the mixed catalyst or having walls “ poisoned” by this catalyst 
in the preceding experiment. 
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THE INSTITUTION OF PETROLEUM TECHNOLOGISTS. 


SMOKE POINT OF KEROSINE 


The Sub-Committee of the Standardization Committee of the 
Institution of Petroleum Technologists, which was appointed to 
consider a method for the determination of the Smoke Point of 
Kerosine has decided that the following method shall be the 
Standard Method for this test :— 


SMOKE POINT. 
I1.P.T. Serial Designation K. 36. 


GENERAL. 

The object of this test is to evaluate a kerosine in respect.of its 
ability to burn without producing smoke. The Smoke Point, as 
determined in the apparatus and under the conditions mentioned 
below, is defined as the maximum flame height in millimetres at 
which a kerosine will burn without smoking. 

The test normally should not be carried out at a room tempera- 
ture of less than 60° F., and it is recommended that the room 
temperature and the barometric pressure be recorded. 

The accuracy of the lamp can be checked by making a deter- 
mination of the Smoke Point of pure Decalin, which should be 
21 to 22. 


APPARATUS. 


Lamp.—The lamp shall be the I.P.T. Smoke-Point Lamp, and 
shall conform with the dimensions given in Fig. 1 and the following 
essential points :— 

1. The top of the wick guide shall be exactly level with the 
zero mark on the scale. 

2. The scale shall be marked in white lines on each side of a 
white strip, 2 mm. in width, on black glass. It shall have a range 
of 50 mm., graduated in 1 mm., figured at each 10 mm., with longer 
lines at each 5 mm. 


3. The screw of the device for raising or lowering the flame 
shall be threaded 6-2 mm. diam. by 0-5 mm. pitch, and the total 
distance of travel shall not be less than 10 mm. ° The movement 
shall be smooth and regular. 
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SMOKE-POINT LAMP. 
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4. The glass window of the door shall be concave to prevent the 
formation of multiple images. 


Wick.—The wick shall be the I.P.T. Smoke-Point Wick. 


METHOD. 


The lamp shall be placed in a vertical position and completely 
protected from draughts. 

Ten millilitres of the sample to be tested shall be filtered through 
filter paper and introduced into the clean, dry, oil holder. 

A piece of wick, not less than 5 in. in length, which may either 
be new or from a previous determination, shall be extracted with a 
suitable volatile solvent and dried for half an hour at 100° to 
105° C. The wick shall then be soaked in the sample under test 
and placed in the wick holder, any twists arising from this operation 
being carefully eased out. It is advisable to re-soak the burning 
end of the wick in the sample. (In cases of dispute, or for referee 
tests, a new wick, extracted as described above, should be used.) 

The wick holder is then placed in the oil holder and screwed 
home. Care should be taken that the air inlet is free from oil. 

The wick shall be cut horizontally and trimmed free of frayed 
ends so that } in. projects from the end of the holder. 

The oil holder shall be maintained at a temperature of 20° to 

25° C. for ten minutes, and then inserted into the lamp and the 
wick lit. 
' The wick is adjusted so that the flame is about 1 cm. in-height, 
and the lamp left to burn for five minutes. Five or six determina- 
tions are then made by raising the wick until a smoky flame is 
produced and then lowering it until the smoky tail just disappears. 
(Raising the flame until this point is reached is not satisfactory.) 
The height of the flame at this point is carefully read in millimetres 
from the scale, the eye of the observer being about 9 in. from the 
front of the instrument, and the mean of the determinations 
recorded as the Smoke Point. 

The oil holder is removed from the lamp, cleaned out with the 
solvent, dried for half an hour at 100° to 105° C., and blown out 
with air ready for re-use. 


TOLERANCE. 


With proper care and attention to details, duplicate results should 
agree within 1 millimetre. 
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Tae Geotocy or Catirornia. By Ralph D. Reed. Tulsa, Okla., American 
Association of Petroleum Geologists, 1933. Pp. xxiv.+355. $5.00. 


California embraces an area which is of supreme interest to the petroleum 
geologist, for here we have what are, perhaps, the most productive and 
important Tertiary oilfields in the world. Most of us are acquainted with 
the bulletins of the U.S.G.S, embodying the results of researches into structure, 
paleontology and general geological detail by such men as Eldridge, Arnold, 
Anderson and others. Californian geology, especially the geology of its 
oilfields, has made many reputations, but until now the work which has been 
done has been in segments like the portions of @ jig-saw puzzle. Mr. Reed 
has taken upon himself the task of fitting together these segments in order 
to present us with the picture as a whole. The need for such work was 
pressing, the time was ripe and right well has the author done his job. For 
the first time we are able to get some connected idea of a very complex and 
dificult geological province. 

Naturally, the geology and paleontology of Californian oilfield regions 
form an important part of this work, but the author does not allow these 
to become dominant and ranges over the whole field of Californian geology. 
Other branches of economic geology such as those which concern gold, 
coal and phosphatic deposits are not neglected. The author’s reconstructions 


of paleogeography are both interesting and illuminating. The author is not 
afraid to give his own views upon geological problems, nor of departing from 
the orthodox when he feels this to be necessary. The result is that the work 
is worthy of study for that in it which isnew. Young American geologists 
should especially derive inspiration from the author’s discussion of unsolved 
problems of Californian geology in the concluding chapter. The work is 
admirably illustrated and well indexed. A. WapDE. 


Tae “ R.E.F.U.T.A.S.” Viscosrry-Temrerature Cuart. Designed by 
C. I. Kelly, M.Se.Tech., F.1.C., M.Inst.P.T., A.M.I.A.E. London: 
Baird and Tatlock, Ltd. 1933. 10s. 6d. 


This chart measures approximately 24 inches square, and the left-hand 
margin contains clearly graduated vertical scales for the following commercial 
viscometers and units: Kinematic viscosity (1°72 to 20,000,000 centistokes), 
Redwood No. I. (31 to 100,000,000 secs.), British Road Tar Association 
(5 to 120 B.R.T.A. secs.), Saybolt Furol (20 to 10,000,000 secs.), Engler 
(I'15 to 3,000,000 degs.), Saybolt Universal (35 to 100,000,000 secs.), and 
another Redwood No. I. Scale. The last named forms the left-hand boundary 
of a chart which is ruled horizontally with iso-viscosity lines, and vertically 
for every 2° F. from -40° F. to +350° F. Above and below the chart are 
adjacent scales graduated in °F. and °C. which facilitate temperature 
conversions. In addition there are horizontal percentage scales marked 
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“0 to 100, Light,” and “ 100 to 0, Heavy,” which divide into 100 equal 
parts the portion of the chart between the 30° F. and 250° F. isothermal lines, 
Suggested uses of the chart include :— 


(1) Ready interconversion of the six different viscometer units. 


(2) Knowing the viscosities of an oil at two or more temperatures in any 
of the units for which scales are provided, the viscosities of the oil at other 
temperatures may be estimated graphically, provided that the oil is a stable 
homogeneous liquid at these temperatures. This extra- and inter-polation is 
possible because accurate viscosity-temperature data fall on straight lines 
when plotted on the chart. 

(3) A combination of the above operations makes possible the much. 
needed conversion of the “ Times of Outflow” of an oil, as determined at 
given temperatures with a given viscometer, into the “ Times of Outflow” 
which the same oil would have at different temperatures with any of the 
other viscometers. 


(4) The estimation of the approximate viscosity of oil-mixtures. 


The chart is accompanied by a 10-page Explanatory Bulletin (copies of 
which may be obtained on application to the publishers) in which are described 
other functions of the chart, such as, the classification of oils in any of the 
more important systems such as the Viscosity-Index System of Dean and 
Davis, when the available viscosities of the oils are expressed in units other 
than Saybolt Universal seconds on which this and other methods of classifica- 


tion (S.A.E. numbers, etc.) are based. 

The bulletin also contains many references to the literature which serve 
to suggest ways in which the chart may be useful to research chemists and 
engineers. 

The many functions of the chart make it an indispensable tool for the 
Petroleum Industry, and technologists who have been confused in the past 
by the lack of uniformity in not only the viscometers used, but also in the 
temperatures at which they are operated (few temperatures being common 
to any two types). 

Mr. C. I. Kelly’s chart should therefore be welcomed alike by oil labora- 
tories, production, refinery and oil sales departments, engineering establish- 
ments, specification writers, etc. 


THe ANALYSIS OF Ol FoR THE PropucTion or LuBRicaNntTs. By A. A. 
Ashworth. London: Ernest Benn, Ltd. Pp. 63; 7 diagrams. 9s. net. 

The examination of a crude petroleum to determine the content of lubri- 
cating oils and pitch is a problem which is often presented to an analyst, 
and is one which puts to a severe test his technical knowledge and his manipu- 
lative skill. To the amateur the task seems easy—fractionally distil in 
vacuo! The expert realises the dangers of cracking the valuable high 
boiling fractions and the consequent necessity for using pipe-still heating 
and flash distillation, with the double object of reducing the partial pressure 
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of the high boiling material by the presence of the more volatile components 
and of exposing the oil to dangerous temperatures for the minimum of time. 
The importance of using vapour tubes of wide diameter when operating at 
low pressures again is often overlooked, but a back pressure of 2 millimetres 
js a serious matter when the receiver gauge registers 3 millimetres. 

In the up-to-date refinery all these points are appreciated and the dis- 
tillation units are appropriately designed. The laboratory scale duplication 
of such plant needs equal care, foresight and experience if results are to be 
obtained which bear any resemolance qualitatively and quantitatively to 
the manufacturing process. 

Mr. Ashworth has during the past few years developed such an apparatus 
and laboratory technique, and some of our readers may remember that it was 
recently demonstrated to the Institution of Petroleum Technologists. In 
response to the evident demand for such a useful laboratory unit he has now 
presented a fully detailed description of his method of assay in book form. 

Five chapters of the book deal with the construction and operation of the 
electrically heated pipe-still and flash chamber and the important auxiliary 
equipment of vacuum pump and receivers for distillate and pitch. The 
normal operating conditions recommended are 5 mms. pressure and tempera- 
tures from 350° C. to 380° C., which would be safe for petroleum oils but 
dangerous for certain oils of coal origin. 

This operation having segregated all the recoverable lubricating oil and 
wax and given the yield and quality of pitch obtainable, it is now necessary 
to refine and redistil the primary distillate. In Chapter VI. the author 
describes how to apply suitable acid and clay treatment for the removal of 
the coloured resinous and reactive substances always present in such a 
distillate. 

The remaining chapters deal with the redistillation of the refined oil, this 
time by normal batch fractionation from a glass flask. Fractions are 
collected at frequent intervals, and the specific gravities and viscosities of 
distillates and residue determined by the usual methods. If the original oil 
is of a non-waxy type the potential yields of various grades of lubricant then 
becomes merely a matter of calculation from the yields and viscosities of 
these fractions. 

The author in his endeavour to maintain the whole operation on the simplest 
basis, however, makes no attempt to deal with the quite common problem 
of a waxy oil. In such a case many of the fractions would contain a large 
proportion of wax which would seriously modify their viscosities and a pre- 
liminary dewaxing operation would be imperative. With the highly specific 
modern solvents such as dichloromethane or trichlorethylene, this operation 
is not too difficult although the technique demands experience. 

Perhaps Mr. Ashworth will at some future time add to the value of this 
little handbook by the addition of a chapter on this subject. 

The subsequent laboratory tests such as viscosity index, resistance to 
oxidation and carbon residue values which determine the commercial value 
of the products are hardly to be expected in a small brochure such as this 
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where the scope is intentionally limited, but a word of caution from thy 
author that such tests are still demanded before a viscous liquid can 

truthfully described as a lubricating oil might have been valuable to som 
who will no doubt assay their crude materials by the help of Mr. Ashworth’ 
book. ? 

Finally mention should be made of the very clear diagrams which “— 
greatly simplify the work of the constructor of the apparatus. 

The book is well printed and bound, although the cover appears to be al 
material specially adapted for the recording of finger prints. The pricg) 
approximately 1}d. per page, however, seems to be on the basis of “ Tig 
Seven Pillars of Wisdom " rather than the ordinary standard for technical 
books. F. B. Trorg, 


Earto Om. By Gustav Egloff. Baltimore, U.S.A.: Williams & Wilkin 
Co., 1933. London: Bailliere, Tindall & Cox. Pp. xii.4+158. $L@p 
(5s. 6d.). 


Produced as one of a series of publications in connection with the Century 
of Progress Exposition in Chicago, Dr. Egloff has written a very fascinating 
account of the petroleum industry. He deals in a popular manner with the 
antiquity, geology and winning of petroleum, and continues in the same way 
with chapters on storage, transport, refining and utilisation, concluding with 
a short chapter on oil resources. The book is excellently printed and the 
many illustrations are well chosen. 











